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Plant Visitation Helpful 


ANY industrial executives, in order to get ideas on methods 
and operations of various concerns, have found that it pays 
to afford their engineers an opportunity to visit other plants. 

This practice, beyond question, has a broadening influence upon 
men who are capable of observing new methods and absorbing 
novel ideas when they pass through a plant, and then apply what 
they have seen to their own problems. The time and expense of 
the visit will be well repaid for one valuable idea or suggestion 
obtained in this manner. 


An individual visit is much more valuable than the shop visits 
frequently arranged in connection with conventions. It is difficult 
to obtain much real information when an individual is conducted 
through a shop with a large number of other men, although such 
visits are well worth the time if it is impossible to spend the neces- 
sary time and money for an individual visit. Such visits are best 
arranged by correspondence, for in this way the visitor will meet 
the right man when he arrives, and without wasting any time, he 
will have an opportunity to observe the operations and equipment 
that will be helpful in his work. Most plants are willing to co- 
operate in this manner, and by doing so they give the visitor an 
opportunity to study methods and equipment similar to those 
used in his own plant. The advantages that are derived are 
usually beneficial. 
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Production of High Chromium Alloy Steel’ 


Manufacture of High Chromium Alloy Steel in Acid Lined 
Furnace Described—With Proper Care, Acid Fur- 
naces Are as Satisfactory as Basic 
By R. S. KERNS* 


Hi resisting alloys have been on the market exposed to the sulphur and this sulphide formed, the 


for some time. The demand growing out of the casting has a tendency to swell and assume a rough 
manufacturer specifying castings to give better warty appearance. Continued contact with the open 
results and longer life in the transmission of high flame destroys the properties of the nickel bearing 
temperature corroding liquids and gases, in the parts heat resisting alloys. 
of annealing furnaces exposed to stresses under high In the nickel-sulphur equilibrium diagram it will 
heats, and, in fact, any place where the plain carbon be noticed that each addition of sulphur lowers the 
stecl casting has to be replaced frequently on account melting point of nickel. However, in the electric an- 
of its inability to resist high temperatures, that 1s up nealing furnaces, nickel does not seem to harm the 
to 2200 deg. F. and still be serviceable. alloy, but instead, seems to impart additional strength 
Various alloys have appeared on the market dur- to it, only when used in amounts of 3.50 per cent or 
ing the past four or five years under various trade over; below this amount there does not seem to be 
names, and each one has shown that it is able to with- any appreciable difference in the physical properties 
stand the abuse to which it is subjected day by day. of the alloy. This fact was discovered by the writer 
The writer does not wish to dwell on the merits of when melting and producing one of the high chrom- 
the different heat resisting alloys, and will therefore ium heat resisting alloys recently in an acid electnc | 
cnumerate some of the uses to which these alloys have furnace. 
heen adapted. Chromium has been used for some time in the pro- 
In the oil refinery it has been found highly suc- duction of stainless-steels. It has been found that 


the non-corrosive properties are due to the stabilizing 


cessful in the transmission of hot liquids and gases. 
; of the passive state of the steel by the chromium. 


The tubes used for this purpose are in many cases Vie bawecers ; lished unl ne ah 
subjected to the action of flames as well as the action MS -NOWEYV EE, 15 NOtaACcOM plished. Unless’ the Chron 


of hot liquids. The headers must also be able to with- ae ee least nae Pans Sage ena theory oe 
‘stand this punishment and yet retain their shape as 7 mes € eee me © nites c obdical stee ner ats 
well as resistance to oxidization. I a certain composition, a solid solution behaves 
toward reagents as does its noblest constituent. 
In the annealing furnaces the allovs have found 


use in the disks of continuous annealing furnaces as ; ae ae ie pasts OE SOURIne Mp eine 
well as the bottom, sides and roof. H and I beams of ere Pee npn i ee ee an aey age 

is: me eee ge ek. eee ean ee to the steel which will impart to the casting or shape 
these alloys, either cast or rolled, Portes the ability to resist corrosive action on flames; this 
articles are placed in the oe oo racks. brine has been shown to be chromium in sufficient quanti- 
pots and annealing hoxes have shown remarkable lite ties. Second, the final product must be strong and 
when made from these alloys. 


ve able to hold its shape under long exposure to high 
Dish valves in the gas lines of open hearths when heats, that is from 2000 to 2200 deg. F. With the 


made from these alloys show a greater life, less warp- carbon around 0.20 to 0.60 per cent and the chromium 
age and burning away, than valves of cast iron or of a correct percentage, the product has this second 
steel. In fact, as stated before, almost every place property and will not warp or crack as does plain car- 
where carbon steel or cast iron has proven inefficient hon steel or grey iron castings. It has been proven 
in contact with high heat, these alloys are slowly that with an increase of chromium in carbon steel the 
i a in. The advantages claimed for the alloys Ar and Ac points of hypoeutectoid steel will be raised. 
yeIng their ability to resist Oxidation and chemical In othe -ords : aj 
reaction, and a minimum deflection when loaded and ee SPN ion cee Regi eaoeurn eee arn 
under high heat. property sought. 7 
Composition of Heat Resisting Alloys. Melting Operation. 

The majority of these heat resisting allovs contain The composition of the particular heat resisting 
a large percentage of chromium, some of them going alloy which the writer wishes to discuss was as 
as high as 30 per cent chromium, and others from 15 follows: 
per cent up. Some of the alloys also contain nickel fs . 
In varying amounts from 3.50 to 360 per cent. The ee ee ke noe mts oa ae oe oo 
carbon im most cases running from 0.20 to 0.60. per SPER a 1k ook, bce eas eHOPORERS (0.50 per cent 
cent. Tfowever, one company producing high ehrom- Manganese .........566. 0.60 to 0.80 per cent 
ium) heat resisting allow has found by extensive in- Sulphur vi... see ee eee ees not over 0.05 per cent 
vestigations that the presence of nickel is harmful PROM NGHIy agra daa enlOb Oren: VCs Den cent 


When the casting is exposed to open flames, especially 
Where much sulphur is present in the fuel, the claim 
beme that the sulphur in the fame combines with the 
nickel, forming a nickel sulphide. When the alloy is 


The writer had produced this alloy successfully in 
a basic lined electric furnace with a rated capacity 
of 1,000 Ibs. and was called upon later to see what 
could be done in an acid lined electric furnace ot 
HipatenOoR- an 1 Meee Ne, onaneeeae Exe ten. emis greater capacity. “The second furnace was a 3,000-lb. 
svivaina StateCollcee : Pittsburgh llectric Furnace Corporation installation. 
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Due to the fact that we were using an acid lined 
furnace and to general working conditions we were 
preparing to lose a large percentage of chromium in 
the slag. The representative of the company who 
was selling the alloy advised the writer to provide 
for at least an 8 per cent loss of chromium. However, 
after he had observed the care taken in melting a heat 
of regular carbon steel. it was decided to allow for a 
4 per cent loss of the alloy; in other words, the charge 
was calculated to contain 32 per cent chromium as 
charged to vield a 28 per cent chromium product. As 
al per cent carbon ferro-chrome was used it was 
necessary to use only low carbon scrap. The scrap 
was accordingly selected from a pile of 0.12-0.15 per 
cent carbon stock and a charge of 3,000 Ibs. made up 
as follows: 


I per cent ferro-chrome ............6. L371 Whs. 
A2=. FS. Car On Stay acestie se od 4 ee NGS 1,662 Ibs. 
Ola anette en 3,033 Tbs. 


As almost one-half of the charge was ferro-chrome, 
the problem of charging it was next brought up. It 
was decided to charge some of the scrap on the bot- 
tom of the furnace, then charge some ferro-chrome, 
then more scrap and more ferro-alloy, keeping the 
alloy in the center of the furnace as much as possible 
to protect it from the air during the melt down, and 
finally the remainder of the scrap. This method had 
worked very well in the small furnace, but with the 
larger furnace we were headed for difficulties. The 
scrap melted and allowed the ferro-chrome to sink to 
the bottom of the furnace, forming a skull. [t was 
some time before we were able to get the bottom 
cleaned off. 


We were fortunate to receive about 50 Ibs. of slag 
from some former heats of this alloy which had been 
produced in another foundry. This slay was saturated 
with chromium and the idea was to form a slag at 
the beginning of operations containing a large per- 
centage of chrome in order to hold more chromium in 
the bath. It seemed that the slag would absorb a 
certain amount of chromium and if a slag could be 
formed at first containing a large percentage of the 
alloy the loss in the heat would not be so great. 
About 30 Ibs. of the slag was used in this heat, being 
charged with the scrap and ferro-alloy. 


The power was thrown on and all the openings 
lutted up with clay. It was essential to keep out as 
much air or oxygen as was possible and attempt to 
maintain as near a neutral atmosphere as we could. 
Lime was used freely on the slag but not enough to 
harm the lining. Power was used for about 40 min- 
utes at the rate of 1800 amps. and 135 volts, then 
a lower voltage was used of 80 volts and about 2400 
amps. After about 90 minutes the door was opened 
to observe conditions in’ the furnace and to take a 
temperature test. It was then discovered that the 
bottom had a heavy skull and no heat test was taken. 
After 30 minutes longer the bottom was again tried 
and finally after about 24% hours after starting the 
heat the bottom was clean. 


Judging the Pouring Temperature. 

+ Tt-is important that the pouring temperature of 
‘this. alloy be correct, it must not be poured too hot 
of too cold. Of course the pouring temperature 1s 
influenced somewhat by the class of the work and the 
methods of handling of the material or metal. It 1s 
the temperature of the steel when poured into the 
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mold that has to be watched. In other words, the 
time required for the metal to set has much to do 
with the resulting physical properties. 

Two methods of getting the temperature of the 
metal in the furnace are as follows: First, by the 
skim test as used for plain carbon steels, the differ- 
ence being that one half of the time required for plain 
carbon steel to skim over is considered a good pour- 
ing temperature for the alloy. In other words, if it 
is practice to hold plain carbon steel 60 seconds for 
a freeze-over, then 30 seconds will be sufficient time 
for the allov and it will pour with the same fluidity 
as the 60 second carbon steel. 

The second method is by observing the fracture 
of a test piece. When the alloy is cold the fracture 
resembles somewhat that of tool-steel, being an ex- 
tremely fine grain. As the temperature is increased 
the grains grow until at a 30 second skim test they 
are large, perfectly smooth and bright, and arranged 
in a regular formation with regards to the contour 
of the test piece. Grains as long as one-quarter to 
three-eights of an inch and one-sixteenth to one-eight 
of an inch wide were secured. 

Qne of the problems of the melter is then to get 
the alloy at a temperature high enough to give the 
required fluidity and vet cold enough to keep the 
erains as small as possible, as the large grains, which 
fracture along well defined cleavage planes, affect the 
ultimate strength of the castings. 

Let us go back again to the first heat and some 
of the peculiarities of this alloy. When we looked 
in the furnace the heat was lying perfectly quiet. 
In fact it had a dull, dead appearance, as did the heat 
test when removed from the furnace. No silicon or 
killer was necessary. this was due to the large amount 
of silicon to be found in the ferro-alloy, it being about 
l per cent in the ferro-alloy we were using. About 
25 pounds of ferro-manganese was added to the fur- 
nace when we had finally gotten the correct pouring 
temperature and three minutes later the ladle was 
called. This met with a vigorous objection from the 
foundry superintendent as he said it was too cold 
to run out of the furnace. Surprises were in store 
for him later on. 

The heat was tapped into a 4,000-Ib. ladle and set 
on a stand where it was distributed to the molds by 
means of a 500-Ib. bull ladle. The heat as poured 
had a sluggish, dead appearance but showed no ten- 
dency to freeze. After several of the castings were 
poured one of the molds broke out as it was being 
poured. A shovel of sand was held against the stream 
but the metal flowed as fast as before, a shovel of 
wet sand was then tried with no better results, clay 
would not freeze it up, in fact the only method the 
writer has found to stop a break out of the alloy is to 
hold a stick of aluminum in the stream, this will cause 
It to set provided the stream is not too large. 

By this time the superintendent was prepared to 
see anything. Ilere was a heat, to all appearances 
so dead and sluggish it looked impossible to pour 
die blocks with but was so hot it broke through the 
mold and defied wet sand or clay to cause it to freeze. 
When the heat was poured there was no trace of a 
skull in the large ladle or in the bull ladle. 

In running the analysis the next day, the writer 
found the chromium content to be 31.6 per cent, and 
thinking there was some mistake a sample was sent 
to the company selling the alloy, to check the result, 
they reported 31.62 per cent chromium. So instead 


of losing at least 4+ per cent chromium the loss was 
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only 0.38 per cent. Accordingly, in the following 
heats we figured on 30 per cent chromium in the 
charge to produce a 28 per cent product, but results 
were so pood that we were finally able to base our 
charges on 29 per cent chromium going in and get- 
ting 27-28 per cent in the product. 

It was apparent from this first heat that a different 
method of charging the ferro-alloy was essential, so 
as to escape the skull in the furnace. This was done 
by charging about 30 per cent of the alloy with the 
whole charge of the steel scrap and letting this melt 
down under as limy a slag as was possible to carry 
in the acid furnace. The remainder of the alloy was 
added a shovel or two at a time at regular intervals 
of three or four minutes. This resulted in a shorter 
time for the heats, and yet the final analyses were 
within the limits. When the final shovelfull was 
thrown into the furnace, the furnace was sealed up as 
before and sufficient time given to be sure it was all 
melted and about hot enough when the seals were 
broken and heat tests were taken. 

It might be added here that when nickel was added 
to the heat it altered the fracture somewhat. The 
fracture was then very fine grained even when the 
heat was at the correct pouring temperature. It was 
also possible to bend the test piece, which was 1% 
by 34 by 5 inches long, from 30 to 60 degrees before 
rupture. The steel containing chromium alone was 
very brittle, this fact prompting the. writer to add 
nickel to the alloy. It was then found that at least 
3.50 per cent nickel was necessary to change the 
structure of the alloy. 

A few words concerning the slag would probably 
not be out of place at this time. When everything 
was going according to Hoyle, the slag had what we 
called a snake-skin appearance. When the slag was 
taken from the furnace and cooled it had a tendency 
to shrink and present a wrinkled appearance while 
the color was a brownish green looking very much 
like a piece of leather or snake-skin. The slag when 
poured into a basin in the sand so as to be about four 
or five inches thick, when broken up had a very dense 
structure. Some times the slag fracture would be a 
dark blue and shine, and at other times it would be 
a dull green, and again we had slags which showed 
both the blue and green fracture, there being a sharp 
line of demarcation between the two different colors. 
The laboratory did not have the necessary equipment 
to run an analysis on these slags so that compositions 
of them were unknown, however we did find that the 
chromium content always came within the limits set. 


Cleaning Room Troubles. 


As the castings were brittle when they contained 
no nickel, it meant very careful handling until they 
were annealed. The larger castings of from 75 to 
200 pounds were provided with fairly large sink heads, 
and when the employee in the cleaning room at- 
tempted to cut the heads off with the oxy-acetylene 
torch, he was surprised to find the flame had no effect 
on the casting. After changing the tip and flow of 
oxygen he was finally able to get the heads melted 
off with a very ragged cut. The alloy was surely 
living up to its reputation as being able to resist an 
oxidizing flame. For the following heats a head was 
provided with a V-notch where the head joined on the 
casting. It was then possible to knock the head off 
with a sledge hammer and not injure the casting. 

Care ‘was also necessary in snagging the castings, 
fur if the casting was burned with the wheel a hard 


Google 


August, 1926 


spot resulted. It was therefore necessary to resor: 
to wet grinding. While the metal was brittle, ve: 
it machined like grey iron on both thick and thin sec- 
tions. It was always easy to tell on a machined sur- 
face where the snagger had heated the casting as it 
would show up in a “nigger head” or hard spot. The 
additions of nickel did not affect the machining qual- 
ities of the castings. 


Conclusions. 


After several heats we were able to standardize the 
practice as to: Charging the ferro-chrome, add:ng 
about 30 per cent of the ferro-alloy with the scra; 
charge and the remainder in small quantities at short 
intervals. Judging the pouring temperature. by mean: 
of the skim test when nickel was used and by the 
fracture when no nickel was used. Pouring the cast- 
ings, at no time allowing the stream of metal entering 
the mold to stop, after we found that when there was 
an interruption in the flow of metal the alloy would 
not knit or fuse together as it does in cast Iron or 
carbon steel. The casting then resembled steel pourec 
cold, having a fold-over where the metal did not unite. 
Grinding the castings carefully, to guard against 
burning which produced hard spots. 

It is the writer’s opinion that alloy steels can be 
produced in an acid lined furnace as satisfactorily as 
in a basic lined furnace when proper care is exercised. 
Manganese steel being the exception as this is a basic 
furnace product. —_—_—_——- 


Locomotive Ashes for Fuel 


Remarkable improvements in methods for con- 
serving fuel have been made by railroads in the las: 
few years. Indications are that still greater savings 
may be possible by other means than any used in the 
past. It very often happens that a discovery which 
seems of practically no importance, results in re- 
markable savings. 

German engineers have found that by mixing cin- 
ders collected in locomotive smoke-boxes with good 
coal, it is possible to effect considerable savings in the 
consumption of fuel. It is estimated that the average 
yearly saving from the use of this reclaimed fuel on 
German railways will amount to approximately $1.- 
327,000. Tests conducted in the burning of such fuel 
on German railroads indicate that the fuel has a heat- 
ing value of 8,100 Btu. and that an average evapora- 
tion of 7.06 pounds of water may be obtained per 
pound of fuel. . 

The Boston & Maine Railway has under construc- 
tion a plant for reclaiming coke from locomotive 
ashes. This reclaimed fuel is to be used for station 
heating purposes, and it is estimated that here wil! 
be a saving effected of approximately 30,000 tons ot 
coal each year. 

This plant is reported to be the first of its kind in 
this country, and no doubt if its operation is as suc- 
cessful as anticipated, its introduction will mark the 
beginning of a new period in the conservation of fuel. 
Moreover, 1t seems that if this fuel 1s suitable for use 
in stationary power plants, it would be reasonable to 
assume that a certain portion mixed with good fue! 
might also be used on locomotives. 

If the German railways can save approximately 
$1,327,000 a vear by using coke reclaimed from ashes 
as fuel, and if the Boston & Maine realizes a saving oi 
30,000 tons of coal a year, it would seem possible that 
the more general use of these two methods wou" 
effect material savings on all railroads. 
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Steelwork Found in Excellent Condition’ 


Structural Framework of Madison Square Garden, Except for a 
Few Unprotected Places, Found in Almost Perfect 
Condition After 35 Years of Service 
By FRANK W. SKINNER} 


HE structural framework of Madison Square 

Garden was fabricated at a time when _ both 

wrought iron and steel structural shapes of the 
same dimensions and patterns were on the market in 
large quantities, probably more iron than steel being 
then fabricated. Since the Garden was built, both the 
architects and engineers have moved their offices one 
or more times and many of their records have been 
destroyed by fire, lost or abandoned, so that efforts 
have entirely failed to disclose any information regard- 
ing the steel that was stated in current descriptions 
of the work to have been used for part of the con- 
struction. No specifications and no mill orders have 
been found. Bending, breaking and chemical tests 
made of available samples from angles and small 
pieces indicate wrought iron, but portions of the main 
trusses very closely resembled steel and it was the 
opinion of several engineers who inspected them and 
of the experienced superintendent who removed them 
that they were made wholly or in large part of steel, 
but that many or all of the I-beams and small pieces 
were wrought iron. In most cases the behavior and 
appearance of the metal might indicate either iron 
or steel. 

The main outer brick walls, 40 ft. high from street 
to roof, rested on 28-inch brick foundation walls 10 to 
30 ft. deep with concrete footings. Partition walls 
were of hollow tile in cement mortar. The main tower 
of brick surmounted by a slender steel framework 
carrying the statue of Diana, was 38 ft. square. The 
roof trusses, beams and columns were of wrought iron 
and structural steel in proportions now unknown. 
The floors and roofs except that over the arena, were 
supported on short span wall bearing I-beams; most 
of the doors were iron, and the construction, although 
cons:dered when designed to be fireproof due to the 
minimum use of combustible materials, lacked the 
protection usually given all steelwork. 

The tile and concrete floors were supported on 
wall bearing I-beams. The lower part of the steel 
framework in the main tower was solidly built into 
the brickwork, but above the top of the masonry 
it was sheathed with copper. 

The most interesting and conspicuous part of the 
framework construction was the 167 x 277 foot oval 
roof, about 75 ft. in extreme height above the floor of 
the arena. It had six main transverse trusses and 
sixteen radial end trusses carried on 28 independent 
Phoenix columns about 50 ft. long. The top chords 
of the trusses were connected by 12 in. 32-lb. I-beams 
carrying 4 in., 18-lb. I-beam purlins parallel to the 
trusses, that supported the wood planking under the 
tar and gravel surface. The arena was lighted by 
two 26 x 55 foot fixed end skylights and ten intermedi- 
ate 26 x 26 foot rolling skylights together covering 
the 55 x 135 foot central space that could be com- 
pletely opened. 


Se 


*Reprinted by permission of the American Institute of 
Steel Construction. 
TConsulting Engineer. 
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The pin-connected roof trusses were all of similar 
design with depths varying from about 6% ft. at the 
first panel point to 10% ft. at the center and having 
trough shape top chords. The radial trusses had the 
same dimensions as the semi-trusses of the main 
transverse spans and were supported at their con- 
verging ends by top chord connections to semi-drums 
and by bottom chord bearings on shelf angles on the 
end transverse trusses. The semi-trusses of each 
transverse span had the bottom chord eyebars in the 
adjacent center panels connected by short plate links 


Three stories of the tower and a large portion of the roof 
over the arena removed. The Phoenix columns which sup- 
ported the roof trusses are seen in the foreground. All 
steelwork shown in the illustration, though unprotected, 
was in good condition. Much of it will be used again. 


with a chord pin in each hand. These links were un- 
doubtedly, and the remainder of the trusses were prob- 
ably of steel. The vertical end posts of all trusses 
had roller bearings on the tops of six section iron 
Phoenix columns about 12 ins. in diameter each made 
in four one-story lengths with transverse horizontal 
connection plates at balcony floor levels. The columns 
were seated, below the basement levels, on high 
cast iron pedestals with well proportioned concrete 
footings. 

The razing of the Garden was commenced May 


338 The Dlast bumace™ Steel Plant 


6, 1925, and the structure was removed to the street 
level in about four months. Operations were begun 
on the main tower where the stripping of the copper 
sheathing and brickwork enclosing the upper part of 
the framework showed some of the girders to be in 
such bad condition that a four post pyramidal wooden 
false work 35 ft. high was set on top of the rec- 
tangular main framework to give support to the cir- 
cular drums carrying the apex of the tower and the 
statue. A 35 foot wooden gin-pole was installed on 
the upper drum and with it the 1400-lb. statue made of 
riveted copper plates was lowered. The remainder 
of the tower framework was removed by means of the 
gin-pole and a jinniwink derrick. 


Tower framework stripped of its covering and braced. The 
steelwork within the braced area was corroded and in 
many places the circular steel drums were practically de- 
stroyed. Note the gin-pole set for lowering the statue of 
Diana to the main roof from whence it was later lowered 
to the street and placed in storage. 


A steel traveler operated on the arena floor was 
used to lower the roof trusses. The traveler was 
equipped with two stiff leg derricks with 90-foot 
booms which supported the 42-ton trusses while the 
bolts were removed from the top chord center splices 
and the bottom chord center connection links were cut 
with oxy-acetylene torches, and then lowered the 
semi-trusses successively. Later bridles were con- 
nected to each semi-truss at four points and it was 
moved with the web horizontal with little deflection 
and pilled up awaiting transportation to storage, great 
care being taken to avoid any injury or distortion of 
the trusses which are to be re-erected for permanent 
use in a new building. 

- Except for the main truss pins, all field connections 
were found to be bolted instead of riveted, and in some 
cases half or more of the holes in the field connection 
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were found open. The bolts were in excellent condi 
tion except that the threads were rusted tight, making 
it generally necessary to burn off the heads in order 
to remove the bolts. The remainder of the frame- 
work was taken down with stiff leg derricks and 
jinniwinks. 

The structural framework had been fabricated and 
erected with the same care shown throughout the 
building. All of the structural iron and steel, except 
a relatively small proportion under special and un- 
usual conditions in the main tower, was found in a 
perfect state of perservation, of unimpaired strength 
and excellent appearance after more than 35 years oi 
service with little or no apparent care for its main- 
tenance. None of it had been protected except where 
it happened to be enclosed or partly enclosed in the 
brickwork or floor slabs and there was little evidence 
of periodical painting except perhaps for the columns 
and other metal exposed in the balconies. 


Many of the beams and braces and all of the roof 
truss purlins and rafters showed no traces of painting 
after erection, with the exception of the skylight 
girders and framework which were poorly protected 
and severely exposed to the weather and showed con- 
siderable corrosion in places. All the roof members, 
especially the main trusses, were in good condition 
and scarcely discolored by rust except in a few 
bearings. 

Although the upper surfaces of the top flanger of 
the 4-in. I-beam purlins supporting the main roof 
planks had apparently never been painted, the metal 
was generally clean and bright with only occasional 
rust stains and no pitting or material corrosion. The 
webs and bottom flanges were well protected with 
what was.apparently the original shop coat of paint 
still in good condition. The 2%-in. T-bar purlins 
supporting the tile roof over the upper gallery showed 
no signs of corrosion. The beams embedded in the 
gallery floors also showed no signs of corrosion. 


Painted I-beams bearing in the corners of the outer 
walls, above the roof, to support the minarets, al- 
though fully exposed to the weather were practically 
free from corrosion except where the ends penetrated 
the brickwork and were slightly rusted. 

The Phoenix columns which were well painted 
on the outside and had both ends tightly closed by 
the end bearings were in perfect condition outside 
and, as well as could be seen when exposed, in equally 
good, uncorroded condition inside. A large number 
of I-beams were wall bearing, many of them were 1n- 
spected where they had penetrated and rested on the 
masonry and none of them showed serious corrosion; 
very few showed more than a trace of rust or dis- 
coloration or roughness. 

The lower flange angles of the roof truss portal 
braces had connections several feet long against the 


vertical faces of the vertical end posts of the trusses 


and these contact surfaces on both members as wel! 
as the contact surfaces of hitch angles in beam and 
girder connections had been unpainted, and were 
generally bright and clean except in a few cases where 
they showed light rust or rust stains. In general 
the surfaces of field joints, sometimes 2 or 3 ft. long 
and wide, although unpainted were clean and bright. 


In the upper part of the main tower the framework 
was subjected to very severe, destructive and wholly 
improper conditions entirely different from _ those 
affecting the steel and iron in all other portions of the 
Garden. Notwithstanding this fact, and the obviously 
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total lack of attention and maintenance, this (appar- 
ently iron) structure resisted destruction to such a 
degree as to continue to perform its structural func- 
ions for 35 years. 

Above the top of the brick walls the iron frame- 
work simply supported the ornate architectural mem- 
bers and were enclosed not closely covered as with 
a molded skin, by the hollow columns, bases, panels 
and mouldings of the architectural embellishments. 
This envelope was made of sheets of copper fastened 
to a light iron furring secured by angle clips to the 
main framework. 

When the statue of Diana was removed no cor- 
ros.on or other deterioration was observed on it, or 
its base or in the ball bearing which supported it; 
there were no evidences of electrolysis where the dif- 
ferent metals were in contact, and for a distance of 
about 30 ft. below the statue the copper sheathing 
was intact, there being no holes in it; the framework 
it covered was not corroded, and that part of the 
structure was in good condition. 


From the foot of this undamaged section, at the 
level of the upper circular girder, for a distance of 
about 35 ft. down to the lower circular girder or drum 
on top of the rectangular tower framework, many 
holes were found through the copper sheathing and 
the enclosed framework was badly injured by corro- 
sion or electrolysis or both. Some of the rivets attach- 
ing the copper sheathing to the light furring were 
found in good condition while the furring was entirely 
gone, leaving only the flanges of some 7-1n. circular 
channels. Some beam connections had completely 
rusted away so that it was necessary to brace and wire 
the remaining p-eces of the framework together before 
commencng the critical operations of disconnecting 
and removing it. 

This portion of the tower framework, between 
and immediately adjacent to the two circular drums 
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or girders, which weighed less than 20 tons and was 
not properly protected or maintained, was the only 
portion of the entire structural framework that was 
not found to be in good condition, 

The circular girders or drums were about 10 ft. 
in diameter with 3 to 5 in. flange angles, that were 
presumably 3¢ or 7Al16 in. thick originally. The 
webs of the upper and lower girders were 24 and 
36 ins. deep respectively and probably about 5/16 in. 
thick when fabricated. The webs were found very 
badly corroded, deeply pitted and covered with very 
thick rust and scales although little of the latter had 
apparently been detached. Underneath the rust there 
was a considerable thickness of hard metal possessing 
enough strength and stiffness to be serviceable but to 
a greatly reduced degree. 

The flange angles, especially their horizontal legs, 
were almost and in many places entirely destroyed by 
corrosion, large sections of a whole flange being com- 
pletely gone. In general the rivets were much better 
preserved than either the web plates or angles, some 
of them being in good condition. The lght latticed 
vertical struts connecting the upper and lower drums 
were very badly rusted, especially at their connections 
to the drums, and were nearly eaten away in places. 
Lattice members invite destruction when exposed. 


The lower drum was seated on an octangular 
platform made by corner plate girders 24 ins. deep 
riveted to the webs of the four deeper plate girders 
conencting the tops of the main tower columns below. 
All of these plate girders were badly rusted, espe- 
cially the flanges of the corner girders, the horizontal 
legs of which were in some places corroded through 
their entire thickness although the disintegrated 
metal still remained in position, but with very little 
strength. 


The vertical legs of the girder flange angles, 
although very much eaten by rust were generally in 
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(Left)—Lower drum of tower showing corrosion of top flange and diagonal connections of the vertical struts.. Note uninjured 


smooth thin sheet of metal projecting from the thick spongy, 


corroded laminations of outstanding leg of angle. (Right) — 


Extreme corrosion and destruction of sections of lower drum of upper part of tower due to exposure to moisture or elec- 
trolysis or both. The rivets were much better preserved than the web plates or angles. 
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better condition than the horizontal legs and had 
not actually crumbled away in many places. In sev- 
eral places the horizontal legs had entirely disap- 
peared and in most of the other places they had be- 
come spongy and soft, swollen to several times the 
original thickness and peeling off in cinder like scabs 
and flakes, often the full width of the flange, a foot 
long and perhaps an eighth or quarter of an inch in 
thickness, a loose dirty mass that easily broke and 
crumbled in the fingers. 
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Radial roof trusses over the arena in position as exposed by 
the removal of the roof covering and sheathing boards. 
This portion of the steelwork was in excellent condition. 


In all places where the horizontal legs, or por- 
tions of them, remained, the structure was changed 
to distinct lamination instead of hard solid metal 
and in many places the layers had crumbled away 
from the upper and lower surfaces leaving exposed 
in what had been about the center of the original 
thickness of the cross section of the leg, a very thin 
sheet of metal of the full width of the leg that ex- 
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tended to the root of the angle and apparently turned 
a right angle there and continued through the full 
width of the other or vertical leg in the center of its 
cross section. 

This sheet of metal was of an entirely different 
appearance from the material that covered it on both 
upper and lower surfaces when it was not fully ex- 
posed. Instead of being black, cindery looking and 
spongy, it was very hard, dense, strong and smooth, 
full width, straight-edged, without pitting or irregular- 
ities, like a good piece of sheet iron or steel of a uni- 
form thickness of about 1/32 in. and merely discolored 
with yellow rust. 

In some cases the upper surface of the thin cen- 
tral sheet was exposed and the lower surface was 
still covered by the spongy mass. The thin hard 
center sheet is very distinctly shown in several of 
the illustrations of girders, especially in the picture 
of the ends of the octagonal girders, where lamination 
of the spongy metal covering the center sheet on both 
sides is very apparent. In some cases the expansion 
due to corrosion and disintegration had swelled the 
flange to a thickness of more than 1% ins. 

‘Lhe very definite laminations correspond with the 
construction of wrought iron angles which are rolled 
from piles of full width flat bars wired together to 
make a solid rectangular mass that is heated white 
hot and welded together into a solid bar, rolled out 
to the required width and thickness in flat grooves, 
thus continually thinning down the original flat 
elements to a small fraction of their original thickness. 

It, therefore, seems probable that in building up 
the piles for these angles a different kind or quality 
of bar was placed in the middle, and becoming 
reduced by rolling to a very thin sheet, perhaps ol 
steel, that preserved the identity and entirely resist- 
ing the corrosion that destroyed the other bars, was 
left practically unchanged. The action of the metal 
under corrosion appears to be impossible for a homo- 
geneous uniform unit mass rolled like steel from a 
single cast ingot, but is consistent with the character 
of structural iron and the method of its manufacture. 

About ten years ago, in the course of an extended 


(Left)—Short corner girders in the octagonal framework supporting the lower drum of the upper tower of Madison Square 


Garden. 
definite laminations developed in both legs of the angles. 
noted in the illustration, are cement and mortar. 


Note the thin sheet of metal projecting from the corroded lamination of horizontal legs of flange angles and the 
The hitch angles are in good condition. 
Rivets were in excellent condition. 


The patches on them, 
(Right)—Top and bottom flanges of 


upper drum, of top portion of Madison Square Garden tower were practically destroyed by rust owing to lack of protection 


and proper maintenance. 
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study of the “Life of Iron and Steel Structures,’* 
the writer conferred with a large number of eminent 
engineers, architects and builders who expressed 
their opinions and outlined experiences with struc- 
tural iron and steel, chiefly the latter. The conclu- 
sions reached were that although the steel frameworks 
of buildings are, unless properly designed, constructed 
and maintained, liable to possible deterioration or 
destruction by improper stressing, exposure or acci- 
dent, good steel buildings of the present class have 
so far shown very little serious deterioration from any 
cause, and that there appears to be no reason why the 
life may not often be made extremely long, practically 
unlimited with the best design and maintenance, 1f 
exempt from fire and serious accident. In most classes 
of buildings the life, up to probably 100 years, ts 
potentially limited by controllable factors, such as 
design, maintenance and proper use. 


*A paper presented to the International Engineering 


Congress in San Francisco, September, 1915, 
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In the case of the Madison Square Garden the 
structural framework as well as the rest of the struc- 
ture was well designed and built with good materials 
and workmanship, but no special pains whatever were 
taken for the protection or preservation of the iron 
and steel, most of which received little or no main- 
tenance. 

With the negligible exception of a portion of the 
tower, it was thoroughly protected from the weather 
but except where partly embedded in the floor con- 
struction was wholly exposed to the interior atmos- 
phere that was well ventilated and probably free from 
excess of moistura or acid fumes. Escaping the 
exposure to fire, which it could not have long resisted, 
it performed for more than a third of a century all its 
intended functions with unimpaired efficiency, and 
notwithstanding lack of painting and special main- 
tenance was as good as new when removed. By the 
maintenance of a watertight roof, inspection and 
attention, it might well have continued five or ten 
times as long in service under the same conditions. 


Protective Coatings For Metals 


The Last of a Series of Educational Articles Dealing with 
Various Methods for Protecting Metal Surfaces 
Against Corrosion and Oxidation 
By JAMES A. AUPPERLE* 

PART III | 


MONG the most successful and comparatively 
A recent developments in the non-electrolytic proc- 

ess for rendering iron and steel rust resistant is 
the Parker Process, a modification and development of 
the old Coslett Process, using phosphatic iron as a pro- 
tective coating. All of the older processes of rust pre- 
vention, such as the Browning, Bower-Barff and others 
similar in principle, though giving moderately good 
coatings and, in the case of the Browning method, 
beautifully colored and lasting finishes, were uneco- 
nomical of time expenditure of heat, and in some cases 
required a multiplicity of operations. The personal 


. skill and experience of the operator were also most 


_ 
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important factors in many of these processes where 
high temperatures, muffles and combinations of fused 
salts were used. 

Phosphatic treatment to make iron and steel rust 
resisting differs from other methods in that the dimen- 
sions or sharpness of finely machined edges and sur- 
laces of the articles are not appreciably altered. Due 
to the low temperatures used, the physical properties 


_ of tempered steel are in no way affected, and magnets 


So treated retain their magnetic force. Even very 
hne springs do not have their elasticity impaired. 
Dental needles having points so fine (0.003 in.) that 


. a slight corrosion ruins them completely are success- 


_tully protected by phosphatic coatings without injur- 


ing the elasticity of the needles or affecting the del- 
icate barbs covering ther surfaces. 


Parkerizing is effected simply by immersion of 


~ the clean objects in a hot saturated solution of man- 
, Banese and tron phosphates for periods of one to two 
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hours. The deposition of the phosphatic coating de- 
pends on the action of a saturated solution of acid, 
iron and manganese phosphates on a metallic base, 
such as iron. During the period of immersion, these 
phosphates will be precipitated on the surface of the 
objects treated. What actually happens is that a 
certain amount of the metal is removed as ferrous 
phosphate and the iron-manganese phosphate com- 
bination 1s deposited in its place. This substitution 
explains the fact that dimensions of Parkerized objects 
do not change after processing. 


Parkerizing produces more resistant and uniform 
coatings than the old Coslett method as the precipi- 
tated phosphates are really a mixture of ferri-ferrosso 
and mangano-manganic instead of ferrous phosphate 
alone as produced by Coslettizing. Oxygen is intro- 
duced in the Parker Process so as to establish the 
correct proportion between the ferrous and ferric 
phosphates, which combination is most resistant to 
rust. 


Nature of Coating. 


The phosphatic crystallization on iron and steel 
articles after removal from the Parkerizing bath is of 
uniform dark gray color, varying in intensity of shade 
according to the surfacing treatment the article has 
previously received. In common with all methods for 
metal coloring the shadings obtained with the phos- 
phatic coatings are dependent largely on the pre- 
liminary cleaning methods, such as sand _ blasting. 
pickling, tumbling, rubbing, buffing, etc. 

It is interesting to note that while the phosphatic 
coating is crystalline in structure, there is a remark- 
able adhesion or molecular bonding to the metal it- 
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self. This is best shown by the considerable distortion 
the treated parts will stand, the coatings remaining 
even, and uniform without evidence of rupture or 
cracking. The color imparted to iron and steel by 
Parkerizing is a very dark gray, differing somewhat 
from the lighter shades obtained by Coslettizing. This 
is due to the partially oxidized manganese and iron 
phosphates. : 

The Parkerizing bath can be modified, permitting 
the formation of coarser and heavier crystallizations, 
these being particularly well adapted as a base for 
enamels and paints on structural iron work. The 
coarser crystallizations can be most successfully used 
in combination with bituminous enamels. 

Parkerizing shows no added deposit or layers such 
as are produced on steel treated by hot or electric gal- 
vanizing. In fact, in these processes certain allow- 
ances must be made on threaded parts to compensate 
for the thickness of zinc used. Heavy castings of 
intricate shape, containing irregular cavities, can be 
completely Parkerized as the phosphates will form 
on all parts immersed in the rust-proofing bath. Light 
castings, stamping and screw machine products can 
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be easily and economically handled in bulk as no 
stringing or racking is necessary as in plating. 

The handling problem, therefore, is greatly sim- 
plified. Its advantages need no description when com- 
pared with the piece handling which is current prac- 
tice in hot-galvanizing methods. Another interesting 
point is that when iron and steel parts are Parkerized, 
the phosphatic coatings cover the entire piece even at 
points where contact marks should be expected. A 
good illustration of this is the processing of medium 
sized bolts and nuts, which are dumped into a suit- 
able mesh basket after cleaning; this basket holds 
about 800 to 900 pounds. The entire load is then 
immersed in the processing bath and a careful examina- 
tion of the processed work will show a uniform phos- 
phatic covering on each and every piece. 

Another very large field for Parkerizing is its use 
as a base for paints and enamels. The process leaves 
the metal treated with a dull mat-black surface. This 
makes a priming coat unnecessary and many manu- 
facturers are putting on a finish gloss enamel for the 
first and final coat with excellent results. Where the 
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highest grade enameling is required, two coats of 
enamel over the Parkerizing will produce a very high 
grade finish. The enamel is bonded to the metal and 
may be subjected to considerable abuse without peel- 
ing or chipping. Furthermore, should the paint be 
removed by abrasion, the surface underneath would 
still be protected and the spreading of rust so fre- 
quently occurring on enameled steel prevented. The 
phosphate surfacings are in no way affected by the 
heat of the enameling operation. 

The Parker Process is finding increasing use and 
can be considered an important advance in metal pro- 
tection since galvanizing was first introduced. Due 
to the fact that the process does not affect the dimen- 
sions, weight, temper,. elasticity, magnetic qualities 
or conductivity of the parts treated, it can be used 
in many places where other protective processes fail. 
All grades of iron and steel, malleable castings, forg- 
ings, screw machine products, stampings, whether 
large or small size, can be treated with equal success. 
The process is applicable to finely finished machine 
parts where close limits must be maintained. Some 
of the most successful applications are: Automotive 
Equipment, Electrical Equipment, Canning Machin- 
ery, Textile Machinery, Typewr.ter and Adding Ma- 
chine Parts, Light Weight Structural Iron, Scientific 
Equipment, Aeroplane Equipment, Locks and Chains, 
Tools, Stoves, Machinery, etc. 

Parkerizing is done in a steel tank, the side heat- 
ing coils being provided with deflection vanes to in- 
duce continuous circulation of the solution. Any 
sludge or precipitation which may occur during proc- 
essing is prevented from coming in contact with the 
work by baffle plates, placed a certain distance from 
the bottom of the tank. The articles to be processed 
are immersed in the bath for periods varying from one 
to two hours at approximately 210 deg. F. When the 
evolution of hydrogen from the work ceases, this 1s 
an indication that the phosphatic reaction has been 
completed and the work can be removed. Insofar as 
the chemical action of the bath automatically stops. 
the chances of error in processing are practically elim- 
inated. The phosphated steel is then ready for im- 
pregnation with a light mineral oil which converts the 
gray color of the processing to a soft mat black appear- 
ance when dry. Recent developments now make it 
possible to produce steel in a great variety of finishes. 
These vary in lustre and in resistance to abuse. 

Parkerizing is the cheapest method of making iron 
and steel rust resisting known today. Ease of han- 
dling, simplicity of treatment and uniformity of results 
are important factors in its favor. 

Articles on which it is desired to have a coating 
of black magnetic oxide of iron are heated in closed 
retorts at a high temperature after which super- 
heated steam is injected which forms. a_ coating 
of black magnetic oxide. Such coatings are said 
to resist acid fumes in a satisfactory manner and 
are not affected by solutions of copper sulphate. In 
a modification of the process, steam and_ carbon 
monoxide are introduced into the retort at the same 
time. This treatment also produces magnetic oxide of 
iron. 

Articles treated by the Bower-Barff process carry 
a very brittle coating and one which is very easily 
damaged, and if the base metal is exposed, rusting will 
result and finally work under the coating causing it to 
peel. The coating on articles treated by the Bower- 
Barff process if strained beyond the elastic limit wil! 
scale off, 
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Articles can be heated to 40 deg. F. and immersed 
in cold water without injuring the coating. Such 
coatings are said to resist the action of sea air, sea 
water, alkaline and organic acids and also the caustic 
action of lime and hydraulic cement. They are easily 
removed, however, by the action of either hydro- 
chloric or sulphuric acids. Frederick S. Barff was the 
original inventor of this method of coating while later 
improvements were made by Messrs. George and An- 
thony Bower. 

The cost of treating articles by this process 1s 
estimated at about 5 per cent of the net cost of the 
articles to the manufacturer. This includes builders’ 
hardware and the class of articles called shelf goods. 
Wrought iron grilling, office railings, and the better 
class of scroll and fancy work cost about two cents 
a pound to treat by this process. Wrought iron beams, 
channels, and other shapes entering into building con- 
struction can be treated at a fraction of a cent a pound. 


Asbestos Protected Metal. 


Asbestos Protected Metal is the name applied to a 
process by which the corrosion of the steel core is 
lessened by protective coatings of (1) asphalt, (2) as- 
phalt impregnated asbestos felt and (3) waterproofing. 
In effect it is a combination of corrugated steel roof- 
ing with roll roofing applied to both sides of the sheets. 

Originally asbestos protected metal consisted sim- 
ply of a steel sheet protected by one coating of asphalt 
and asbestos felt, but for the past seven years it has 
been made in the form described. 


The material is chiefly used for industrial roofing 
and siding, for building trim and for fume ducts, 
though skylight bars and ventilators are also protected 
by the same process. 

The steel core sheets are cleansed and are then 
passed through a bath of asphalt heated to a uniform 
and definite temperature. Following this bath they 
are enveloped in asbestos felt that has previously 
been saturated with asphalt. The felt is turned over 
both edges of the sheets, is sealed at the ends and 
passed between powerful rolls that bond the felt and 
the first asphaltic coat. 

The sheets are then allowed to cool before passing 
through the final waterproofing coating. The water- 
proofing has a pure asphaltic base from which the oils 
have been distilled, resulting in a strong, tough, rub- 
ber-like material that is not affected by the rays of the 
sun, from which it protects the first two coatings. 
After the waterproofing coating is in place, the sheets 
are corrugated, or formed in any other manner that 
may be specified for structural use. 

The finished sheets have all the strength, light 
weight and adaptability of corrugated steel combined 
with the durability of built-up roofing, without its 
need for a wooden deck. Its insulating qualities are 
equal to those of a %-inch pine plank, which is a 
material where condensation must be considered. The 
thermal conductivity of asbestos protected metal 0.11 
inch thick is approximately .9 Btu. per square foot per 
deg. F. per hour, while that of black or galvanized 
sheets is 2.13 Btu. per hour. 


The natural color of the material is black, though 
it is also made in maroon and with aluminum finish. 
Where coatings of other colors are desired, care must 
be exercised. For interior decorative effects fairly 
Satisfactory results are obtained by applying a prim- 
ing coat of shellac and then applying a watercolor 
paint or a drying oil paint. Ordinary paints applied 
to the asphaltic surface will crack or discolor. 
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The material can be applied at any time of the year 
in any climate, but it is not suitable for use on build- 
ings where the heat is continuously above 140 deg. F. 


Asbestos protected metal at first was used around 
pickling plants, fertilizer and chemical plants, ocean 
piers, smelters and other places where extremely cor- 
rosive conditions are found, but because of its resist- 
ance to less severe conditions and its treedom from 
painting and maintenance expense it is used generally 
where corrugated building materials are required. 


Paint Coatings—Red Paint. 


Space will not permit a discussion of all the various 
kinds of paints used for protective purposes. I have 
had under my supervision many different types of 
paints and have come to the conclusion that a red iron 
oxide paint, containing a small amount of red lead and 
asbestine, gives the best results. Oxide of iron is one 
of the best pigments for lasting power, remaining 
practically unchanged after years of exposure. Red 
paint of the following composition has been found to 
give excellent results. 


Volatile Thinner .............. 8.5 per cent 
Linseed: AO. bkctaascete any sce 21.5 per cent 
[ron ORI Gs idenctae ue dcaledulgs 52.5 per cent 
Red: ead 3c:42 hee 4 earners seat 10.1 per cent 
Asbestine ......... 0.0. cece ce ues 7.2 per cent 


Black Paint. 


A most excellent black paint for iron and steel can 
he made for less than 50 cents a gallon and will afford 
almost as much protection as red iron oxide paint. 
This paint consists of ordinary gas house coal tar 
which is mixed with 10 per cent to 20 per cent dry 
Portland cement, and thinned with benzol if neces- 
sary. It can be applied with a spraying machine and 
should be kept agitated in order to keep the cement in 
suspension. The cement has the property of com- 
bining with the acids and water always present in 
coal tar and of producing harmless compounds in the 
paint. This paint can be used on metal buildings, 
and is an excellent coating for smoke stacks as the 
cement forms an egg sheel coating after the coal tar 
is destroyed. It should not be used on sheets which 
are to be piled as it requires at least one week’s time 
to dry. 

Both the black and red paints have been given 
thorough tests at the sea shore and at many inland 
cities with very satisfactory results under all kinds of 
conditions. 


Vitreous Enameled Sheets. 


Up to the present time very little has been done in 
the way of producing a vitreous enameled sheet for its 
resistance to corrosion where the conditions are un- 
usually severe. Great progress has been made in recent 
years in the enameling industry as most of the modern 
plants employ scientifically trained men to keep a 
check on the process of manufacture. 


The base of vitreous enamel is clay to which vari- 
ous other substances are added in order to lower the 
melting point of the product. The process is adapt- 
able to the manufacture of various colors and various 
types of vitreous enameled coatings, some of which 
are especially designed to resist the action of acids. 

Experiments are now being conducted on vitreous 
enameled corrugated sheets which have been coated 
with one and two coatings of vitreous enamel. These 
sheets are being tested in comparison with uncoated 


(Continued on page 357) 
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Selection of Coals for Coke Manufacture’ 


A Discussion of Physical and Chemical Characteristics of Coal 
for the Manufacture of Blast Furnace, Foundry, and 
Water-Gas Coke in By-Product Ovens 
By H. J. ROSE; 


IXTY-FIVE millon net tons of coal were car- 

bonized in the by-product and beehive coke ovenst 

of the United States during 1924. This tonnage 
represented 13.4 per cent of the bituminous coal which 
was mined in that year. Table I shows production 
and disposition.§ 


TABLE I—Production and Disposition of Oven Coke in 1924 
By-product Beehive Total 
Coal charged into ovens, tons.. 49,061,339 15,914,310 64,975,649 


Coke produced (exclusive of 
screenings and breeze), tons.. 33,983,568 10,286,037 44,269,605 


Average yield of coke, per cent 69.3 64.6 68.1 
Disposition of coke: 

/O % % 

PlGRT TUENACE asic. os.at Sideline sted 82.5 82.8 82.6 

PONE Sitcaina roi ath oro ees RAR 4.6 13.3 6.6 

DIORERTIC: ce GG ka ceiea- x 650.8 her 8.3 1.4 6.7 
Water gas manufactured and _ all 

CECT TISES 4658 oa 0h ae 4 red Don't 4.6 2.5 4.1 


Cokes having somewhat different combinations of 
chemical and physical properties are desired for the 
various uses listed above, and these properties depend 
primarily upon the types of coal used. American 
coals have a wide range of purity and coking quality, 
and the chief subject of this paper will be the selection 
of coals for the manufacture of blast furnace, foundry, 
domestic, and water-gas coke, in by-product coke 
ovens. It will obv.ously be necessary to include a dis- 
cussion of those physical and chemical characteristics 


FIG. 1—Cell structure of by-product coke made from 34 per 
cent volatile matter high-oxygen coal, No. 6 Seam, Frank- 
lyn County, III. 


that are generally considered essential or desirable 
for each type of coke. 

Suitable Coals—The examination and development of 
new sources of coking coal are important because of 
the irregular and limited distribution of high-grade 


*A paper presented at the July 1926 meetings of the Amer- 
ican Institute of Mining and Metallurgical Engineers. 

tAssistant Chief chemist, The Koppers Company, Pitts- 
burgh, Pa. 

FAbout 5,000,000 additional tons of coal were carbonized 
in gas retorts. 

§Adapted from U. S, Bureau of Mines report No. 245, 
Sept. 5, 1925, 
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coals of established coking quality, and the rapid rate 
at which our reserves of such coals are being depleted 
for various purposes. Great advances in the design 
and construction of by-product coke ovens have re- 
cently made possible the use of coals which were 


FIG. 2—Cell structure of bee-hive coke from 34 per cent 
volatile matter washed coal, Las Animas County, Colo. 
Cells are filled with white composition and only the cell 
walls are visible. x4. 


hitherto considered unsuitable for coking. Therefore. 
a description of several methods for determining the 
quality of coke that can be produced from a g.ven 
coal, is appropriate, also a brief discussion of the rela- 
tions between the chemical composition and coking 
properties of coal. The characteristic behavior of 
certain coals when heated, which makes them amen- 
able to coking, will first be described. 


Behavior of Coking Coals When Heated. 


Coke is the coherent cellular residue from the 
destructive distillation of certain bituminous coals. 
When a small sample of such a coal is heated at a 
uniformly increasing temperature in the absence of 
air, it wll exhibit a definite fusing or softening tem- 
perature, usually occurring between 300 deg. and 400 
deg. C., and will become pasty or semifluid. Gases 
of decomposition begin to appear in appreciable quan- 
tities at the fusing temperature, or slightly higher. 
and are soon evolved copiously, causing the mass to 
become cellular and more or less swollen. The vis- 
cosity of the fused and pasty coal rapidly increases as 
decomposition proceeds, and the hot mass becomes 
substantially rigid before a temperature of 450 deg. C-. 
is reached. However, it is continually subject to 
further changes in structure due to devolatilization 
and shrinkage, and these changes are still in evidence 
after the coke has reached a red heat. Gas evolution 
continues at a rapid rate long after the initial rigidity 
has been attained. 


Such in brief, is the behavior of all good coking 
coals when heated. Poorly coking coals react sim!- 
larly in a varying but less degree, and the tempera- 
tures of initial gas evolution very considerably, In 
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fact, the typical cellular structure of coke* is caused 
by the evolution of gas bubbles in a mass of fused 
coal that is stiffening through thermal decomposition. 
(Figs. 1 and 2.) Non-coking coals do not fuse and 
become pasty under the influence of heat. 


Coke Formation in a By-Product Oven. 


We have been considering the case of a small 
sample of coal heated at a uniformly increasing tem- 
perature, but when coking coal is charged into a red- 
hot chamber, the resulting conditions are considerably 
more complex. In the by-product coke oven, the coal 
which comes into contact with the hot walls is rapidly 
carbonized, and a narrow pasty layer called the “plas- 
tic zone,” or “pitchy seam,” is formed parallel to each 
heating wall. As carbonization proceeds, these layers 
move towards the center of the oven at an average 
rate of about 0.5 to 0.65 inch per hour. The plastic 
zones consist of fused coal with tarry or pitchy mate- 
rial from coal that is being distilled. The thickness 
and nature of these zones depend on the kind of coal 
used, the degree of pulverizaton, rate of coking, etc. 
With good coking coals, especially when they have 
been well crushed or pulverized, there can be little 
doubt that the plastic zones are substantially imper- 
meable to gases during most of the coking period. 


There is a sharp temperature gradient in the vicin- 
itv of these zones. Most of the gases and vapors are 
liberated on the hot side of the plastic zone and in the 
adjacent low-temperature coke, and are forced by their 
own pressure towards the oven walls, where they 
stream upwards, either along the walls or through 
shrinkage cracks in the coke. The rich gases are 
cracked to some extent by contact with hot surfaces, 
and they accordingly deposit on the coke a silvery 


*H. J. Rose, “The Study of Coke Macrostructure.” Ind. and 
Eng. Chem., 17 (1925), p. 895. 
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carbon or hydrocarbon film often referred to as a 
graphitic carbon deposit. 


To show the progressive nature of coke formation, 
three boxes of coal were charged at intervals into an 
otherwise empty coke oven, and were discharged to- 
gether before the plastic seam had quite reached the 
center of the box charged first (shown at the left in 
Fig. 3.) The boxes were immediately quenched, the 
tops cut away, and the upper layers of coke removed 
to show the progress of coking. 


When the coking process is well under way, a 
variety of solid products exist in the oven. Adjacent 
to the walls there is a layer of high-temperature coke 
which has already begun to shrink and fracture some- 
what from the intense heat, and which is acquiring a 
silvery surface deposit. This high-temperature coke 
is continuous with, and grades imperceptibly into 
lower and still lower temperature coke, until the plas- 
tic zone is reached. The plastic zone is usually 34 to 
y% inch thick, and on the hot side is cellular and 
merges rather indistinctly into low-temperature coke. 
The cool side of the plastic zone, where the coal is 
just starting to fuse, is very sharply defined.  Indi- 
vidual fragments of coal on the border line are seen 
to be fused at one end, and little changed at the other 
end. The coal in the interior of the oven and shielded 
by the plastic zones, remains unchanged and at a 
temperature little above that of boiling water for many 
hours, until it is finally reached by the slowly mov- 
ing pasty layers. In actual practice, coking is usually 
continued not only until the plastic zones have met, 
but until the coke at the center of the oven has attained 
a red heat. A division line is present where the two 
plastic zones have come together, and the coke mass 
breaks apart along this plane, so that individual coke 
pieces are but half as long as the oven width. 


FIG. 3—Box tests made in empty coke oven to show the progressive nature of coke formation. 
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FIG. 4—Tri-axial diagram of ultimate analyses of coals. 


Definition of Coking Coal. 


The commercial value of coke depends upon its 
purity, and upon such factors as size, strength and 
structure. These physical characteristics are deter- 
mined not only by the kind of coal used, but also by 
the degree of pulverization and moisture content of 
the coal, the amount, nature and size of impurities 
such as slate, the temperature of the oven walls, 
dimensions of the oven and other variables, all of 
which affect the coke at some stage of its farmation. 
Therefore, it is not surprising to find that the only 
thoroughly reliable way to determine the quality of 
coke that can be made from a coal under particular 
conditions, is to subject the coal to a full-scale oven 
test under the desired conditions. 


For practical purposes, a coal may be classed as a 
coking coal if it will yield a merchantable coke when 
carbonized by a commercial method in an existing 
type of coke oven. In order to be merchantable, a coke 
must, in general, be of adequate purity, size, strength 
and structure, for the uses to which it is to be put. 
Furthermore, the coke from any coal or coal mixture 
carbonized in by-product ovens must be strong 
enough, and have sufficient shrinkage from the walls, 
to permit its discharge from the ovens without diff- 
culty. Coal mixtures are commonly used at by-pro- 
duct coke-oven plants, and this practice has resulted 
not only in the production of superior coke, but in 
the extensive utilization of coals which would not be 
very suitable for coke manufacture, if used unmixed. 


Determination of the Coking Properties of Coal. 


The problem of determining the coking quality of 
coal by test methods has received an amount of atten- 
tion warranted by the great industrial importance 
of coke. It will not be practical to 
mention in detail the many methods 
that may be used as an aid to deter- 
mining coking properties, but a few 
of the preferred methods will be 
briefly discussed, and their scope of 
usefulness indicated. 

Oven Coking-tests—It has already 
been stated that full-scale oven tests 
form the only accurate and_ thor- 
oughly reliable means of evaluating 
the coking properties of coal. In 
order to produce the best possible. 
quality of coke in such tests, the O 
condition of the coal as charged 9 
and plant operating conditions must 
often be varied. For these reasons, 
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and because of the expense involved 

© in such tests, it is important that 
they be carried out under competent 
direction, to obtain the best possible 
coke with the minimum number of 
tests. For a single charge in a full- 
sized by-product coke oven of the 
most modern type, 11 to 15 tons of 
coal are required, and as more than 
a single test is usually desirable, 4 
carload of coal is the miinitium 
quantity recommended for such a 
test. 


78 Box Coktng-tests—If coking qual- 
ity of coals is doubtful or if it ts 
suspected that the coke formed will 
not shrink sufficiently to permit 
ready pushing from the oven, it is advisable to make 
preliminary test by embedding a specially designed 
metal box of the coal in a regular oven coal-charge. 
If the results are definitely unfavorable, the expense 
of a full-scale oven test is thus eleminated and possible 
interference with plant operation avoided. Box tests 
are also recommended when but little coal is avail- 
able. (Fig. 3.) 


When properly made box tests are of considerable 
value, and give to the experienced observer a definite 
idea of the character and coking possibilities of the 
coal tested. They cannot take the place of full oven 
tests when an accurate determination of the physical 
properties of the coke is required. Very erroneous 
ideas may be obtained from incorrectly made box 
tests. 


Laboratory Coking Tests—-Sometimes an approximate 
determination of the coking properties of a very small 
sample of coal must be made, for example, on part 
of a coal core from diamond drilling. An appartus* 
devised by F. W. Sperr, Jr., permits a fairly satis- 
factory determination to be made on a sample of 
about 2 oz. placed in a tube of such diameter that the 
coal occupies a length equal to half the width of a 
coke oven. Coking is begun at one end of the coal by 
means of a previously heated furnace, and the coal 
and furnace are moved with respect to each other at 
such a rate that the rate of progression of heat into 
a coke-oven charge is duplicated. An ingenious ar- 
rangement permits shrinkage or expansion under any 
desired load to be measured continuously throughout 
the test. Much interesting and valuable information 
has been obtained with this apparatus. 


*U. S. Patent No. 1444567. 
% OXYGEN. 
4:0 
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FIG. 5—Hydrogen: oxygen ratios, tri-axial diagram. 
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The simplest of all coking tests 
is no doubt the standard volatile- 
matter determination in which a 
gram of powdered coal is suddenly 
heated to redness in a small plati- 
num crucible. The resulting coke 
button will indicate whether the 
coal is non-coking, feebly coking or 
strongly coking, but almost every 
condition in this test is at variance 
with large-scale carbonizing prac- 
tice. 


Over a period of many years 
all of the above types of coking test 
have proved to be useful, full-scale 
oven tests being invariably used 
whenever practicable. Many other 
tests have been proposed and used by coal investiga- 
tors, some of which have undoubted merit for their 
respective purposes. One such test, which with 
numerous variations is often used abroad, consists 
in mixing a definite weight of coal w:th successive and 
increasing proportions of carefully sized sand or car- 
bon particles. In a typical test of this sort, the rat.o 
of sand to coal in that mixture which, when coked. 
will just support a stated load without crushing and 
without forming more than a specified amount of 
fines, is taken as the coking index or sand-test number. 


Correlation of the Chemical Composition and 
Coking Properties of Coal. 


The question “Can the coking properties of coal be 
predicted by chemical analyses?” is frequently asked. 
In spite of the many studies which have been made 
of coking coals, an affirmative answer cannot be given 
without reservations. 


Use of Ultimate Analyses—The writer has made a 
graphic study* of the ultimate analyses of many hun- 
dreds of American and foreign coking coals, and has 
been particularly fortunate in having available the by- 
product yields for a large number of these coals, to- 
gether with scores of very complete records of by- 
product oven coking tests. All coking coals appear 
to fall within fairly definite chemical limits, so far as 
their ultimate analyses are concerned, and it is the 
writer’s experience that from the location of a coal 
within these limits, the coking properties and by- 
product yields may be predicted with reasonable ac- 
curacy, if all essential data on the chemical and physical 


_ *H. J. Rose, “Graphic Study of Coking Coals. (Unpub- 
lished.) Presented before the Gas and Fuel Section of the Amer- 
ican Chemical Society, Washington, D. C. April 25, 1924. 
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FIG. 6—Carbon: hydrogen ratios, tri-axial diagram. 
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Jo CAP-BON. 
FIG. 7—Carbon: oxygen ratios, tri-axial diagram. 


characteristics of the coal as it will be charged, and 
the operating conditions which will exist, are known. 
Coke quality and by-product yields are greatly af- 
fected by many chemical and physical variables, and 
by operating conditions, and while the influence of 
each of these independent variables is more or less 
well understood, the difficulty of evaluating the effect 
of complex combinations can easily be appreciated. 
Experience indicates that such a task should be left 
to specialists who have had ample practical experience 
in testing a wide variety of coals. 


The most rational scheme of studying coals ac- 
cording to their ultimate analyses is undoubtedly the 
use of trilinear co-ordinates, as proposed by Grout* 
nearly 20 years ago, and as amplified by Ralstonf 
some 10 years ago. For this graphic method the 
ultimate analyses must be reduced to three variables 
which always total a constant amount. One method 
is to calculate the analyses free of moisture, ash, sul- 
phur, and nitrogen, so that the sum of the remaining 
carbon, hydrogen and oxygen will always total 100 
per cent, but obviously two or more items can be 
combined in any of the three variables. If a right- 
angled triangle is used as the basis of the co-ordinate 
system, then ordinary rectangular co-ordinate paper 
can be used by expressing two of the variables with 
the existing lines and by drawing in diagonal lines to 
express the third. Of course the third variable need 
not be indicated at all, as its numerical value can 
always be obtained by subtracting the sum of the 
other two variables from 100 per cent. 


Seyler’s Classtficatton—Such a system would be the 
graphical equivalent of the coal classification proposed 
by Seylert in 1900. Seyler, using ultimate analyses 
calculated free from ash and sulphur, divides coals into 
named groups by means of limit 
percentages of carbon and hydrogen 
so selected that the coals in each 
group possess certain resemblances. 
This classification is used by British 
fuel investigators, and apparently 
agrees rather well with several graphic 
classifications of American coals. 


*F, F. Grout. “The Composition of 
Coals.” Econ. Geol., 2 (1907), 225-241. 

7O. C. Ralston, “Graphic Studies of 
Ultimate Analyses of Coals.” Tech. Paper 
93, U. S. Bureau of Mines (1915). 

tC. A. Seyler, Proc. South Wales Inst. 
Eng., 21 (1900). 483 et seq.; also The 
Chemical Classification of Coal, Fuel in 
Science and Practice, 3 (1924), 15-26, 41- 
49. 79-83. x 
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Use of Ratios—When the ultimate analyses of solid 
fuels are plotted on triangular co-ordinates, the anal- 
yses of wood, peat and all coals ranging from lignite 
to anthracite (cannel and alga coals being excepted) 
fall within a remarkably narrow band in one corner of 
the triangle. F.g. 4 (adapted from Ralston’s paper) 
shows part of this band on which the location of the 
various ranks of coal are indicated. The stippling 
on this figure does not represent actual coal analyses, 
but simply indicates the Lmits within which most 
coal analyses will fall. The bituminous and semi- 
bituminous classes consist chiefly of coking coals. 

Many invest.gators have attempted to classify 
coals by the use of certain ratios such as Hydrogen: 


O 
et A Carbon: Hydrogen, 


Oxygen, Hydrogen — 
and Carbon: Oxygen. To understand what these 
ratios mean when applied to coal is rather difficult. 
Figs. 5, 6 and 7 will help to illustrate their probable 
usefulness, also the obvious limitations of such ratios. 
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coking quality. was subject to exceptions for the coals 
of lower volatile-matter content. 


Fig. 5 also permits the graphic estimation of the 
“available hydrogen” in coal, that is, the percentage 
of hydrogen in excess of that which would be required 
to combine with all of the oxygen present to form 
water. This index has long been known but ts gen- 
erally considered to be of doubtful reliability. 


Carbon: Hydrogen Ratio—Fig. 6 shows that the C: H 
ratio lines are not very different in slope than the 
hydrogen lines, and apparently for most purposes the 
hydrogen percentage in pure coal would be just as 
satisfactory an index, and one simpler to use and 
understand. The C:H ratio has been chiefly used in 
districts where anthracite, semi-anthracite and sem:- 
bituminous coals are produced, for which coals this 
ratio serves as a means of differentiation just as the 
hydrogen percentage would. For coals of lower ranks 
the ratio would appear to have a very limited use, 
as it does not distinguish between coals of widely 
different rank. 

Carbon: Oxygen Ratio — Fig. / 
shows that the slope of C:O ratio 
lines is so nearly the same as that ot 
the oxygen lines that the use of the 
oxygen percentage in pure coal 
would probably be just as satisfac- 
tory for most purposes. 

The application of other ratios, 
such as 
Volatile carbon Fixed Carbon 


Carbon Volatile matter 
are subject to well known limita- 
tions which need not be discussed 
here. A study of the shortcomings 
of the various ratios and indexes 
which have been proposed from 
time to time, indicates that it 1s not 
possible to classify coals adequately 
by means of single index numbers. 
but that a two-dimensional system 
or diagram is necessary. If ul- 
a2 timate analyses are to be used as 
the basis of classification, system: 


FIG. 8—Diagram of the ultimate analyses of 150 coking coals of the United States. such as those of Ralston and Sevler 


Detailed discussion of these figures is beyond the 
scope of this paper, but it should be pointed out that 
owing to the sharp curvature in the band of coal 
analyses occurring at about 92 per cent carbon, 5 per 
cent hydrogen, and 3 per cent oxygen, no linear equa- 
tion can be adequate over the whole range of coals. 


Hydrogen: Oxygen Ratio—Thus in Fig. 5, the lower 
H:O ratios cut across the band of lignite, sub-bitu- 
minous and bituminous coals (though much more 
obliquely than the oxygen lines), but for the coals of 
higher rank, the ratio lines run parallel with the coal 
band. Thus, a single H:O ratio line may pass 
through as many as four ranks of coal (as well as 
cannel coals, which are not shown but would fall 
above the bituminous coals). The H:O ratio is 
particularly well known because of White’s frequently 
quoted conclusions* on the limits of this ratio for 
coals that can be coked in beehive ovens. White 
pointed out that the relation between H:O ratio and 


*D. White, “The Effect of Oxygen in Coal,” Bull. 29, U. S. 
Bureau of Mines (1911), or U. S. Geol. Survey Bull. 382. 


Google 


are indicated as the most logical. 

Tri-axial Diagram of Coking Coals of the United 
States—Fig. 8 represents the ultimate analyses of about 
150 coals from 10 different States. They have heen 
classed as “typical” coking coals in the sense that they 
represent a wide geographical distribution and range 
of chemical composition. Most of these coals have 
been used for by-product coking, either alone or in 
mixture with other coals. By combining Parr’s “unt 
coal” correction* for ash and sulphur with the nitre- 
gen content, the original ultimate analyses have beer 
recalculated to the basis of Carbon + Hydrogen + 
Oxygen = 100 per cent. It should be noted that the 
vertical or hydrogen percentage scale of this chart has 
been expanded two and one-half times with respect 
to the horizontal or carbon percentage scale, in ordet 
to permit all points to be distinctly plotted. If the 
same scale had been used for both components, the 
band of analyses would have been corresponding!’ 
narrowed and more sharply defined. 


*S. W. Parr, “The Classification of Coal.” Jnl. Ind. and Eng. 
Chem., 14 (1922), 919. 
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FIG. 9—Low-volatile coal coked in 14-in. Becker oven. Run-of-oven coke on 
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for medium volatile coking coals, and 
usage of this term. is known to vary. 
The writer’s personal perference is to 
include in this class coals ranging from 
about 22 to 28 per cent volatile matter, 
dry basis. Such coals have certain cok- 
ing characteristics which differentiate 
them from coals having distinctly 
higher or lower volatile-matter content. 
The medium-volatile coals, when coked 
without admixture, nearly always pro- 
duce a large, handsome, blocky coke 
that is difficult to surpass in general 
physical characteristics. 

Experience has shown that many of 
the coals in this class, particularly those 
having less than 24 to 25 per cent 
volatile matter, are “neutral” i. e. prac- 
tically non-shrinking, or even slightly 
expanding under many operating con- 
ditions, in which cases the coke would 
be difficult or impossible to push from 
the coke oven. If coking such coal in 
an unmixed condition in a by-product 
oven is desired, very careful and thor- 
ough tests are required to determine 


wharf, made from 21.1 per cent volatile-matter- coal mined in Pierce County, the conditions under which it may be 


Washington. This coke was easily discharged from the oven. 


time, 11 hr. 47 min. 


Classification of Coal by Volatile Matter Content. 


The terms low, medium, and high-volatile coking 
coals, gas coals, and high-oxygen coking coals, which 
are used on Fig. 8, do not designate sharply defined 
classes. These and similar terms are used by by-pro- 
duct coke-oven operators in a relative sense, and the 
exact meanings intended by the individual operator 
may vary somewhat with the nature of the coals with 
which he is best acquainted, or which are available for 
his plant. 

Low-volatile Coking Coal—In the north- 
eastern quarter of the United States 
(where more than 80 per cent of the by- 
product coke is produced), the term “low- 
volatile coal” is used chiefly to designate 
coals of less than 20 per cent volatile mat- 
ter such as the Pocahontas and New River, 
\W. Va., and Somerset County, Pa., type. 
For by-product oven use, such coals are 
mixed with high-volatile coking or gas 
coals in any proportion up to 60 per cent 
or more (but usually from 10 per cent to 
30 per cent), in order to increase the size 
and strength of the coke. This practice 
also results, of course, in an increase of 
the coke yield and decrease in the by- 
product yields. 

Most by-product oven operators in 
selecting low-volatile coals prefer coals 
having a volatile-matter content about 16 
to 18 per cent (dry-coal basis), although 
a considerable quantity of coal that does 
not come within this range is used. “True 
low-volatile coals are not charged in an 
unmixed condition into by-product coke 
ovens, because of their expanding proper- 
ties when coked. ih ied, 


Medium-volatile Coking Coal—There ap- 
pear to be no well defined, accepted limits 
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Net coking satisfactorily used, and both the quality 
of the coal and plant operating condi- 
tions must be carefully watched to pre- 

vent possible trouble. Fig. 9 shows a wharf-full of 
coke made from 21.1 per cent volatile-matter coal 
from Washington which was easily pushed from a 
14-in. oven on 11 hr. 47 min. net coking time. Other 
coals of similar volatile-matter content have been suc- 
cessfully coked in the same type of oven. 
High-volatile Coking Coal—Enormous quantities of 
coal ranging from 28 to 35 per cent volatile matter, 
(Continued on page 366) 


FIG. 10—Loaded cars of blast-furnace coke made from 34 per cent volatile- 
matter Pittsburgh Seam coal, Fayette County, Pa. Coked in 14-in, Becker 


type ovens; coking time, 11 hr. 40 min, .°. i 
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General Principals of the Beneficiation 
of Iron Ores* 


By T. T. READ+ 
‘PART III—(Continued) 


about 13 pounds of manganese per ton of steel 

made. Manganese is a not uncommon constituent 
of iron ore, and if the mangenese in the ore were avail- 
able for this purpose, it would be quite a simple matter. 
However, that is unfortunately not the case, and the man- 
ganese must be added to the steel as a part of the re-car- 
burizing process. For this purpose ferro-manganese, 
which contains about 80 per cent manganese, is used. The 
manganese deoxidizes the steel, and as it contains 5 to 
7 per cent carbon it also re-carburizes the steel. 
Spiegeleisen, which contains 10 to 35 per cent Mn 
(usually 20 per cent) may also be used in cases where 
the larger quantity required will not introduce too 
much carbon into the steel, nor chill it too much, but 
the larger quantity introduces impurities that are 
undesirable. By melting spiegeleisen in a cupola and 
adding it in the molten form the chilling effect can be 
avoided, but it somewhat complicates the operation. 
The effect in either case is to refine and “settle” the 
steel, which then contains FeO from the oxidizing 
operation that has just been finished, the FeO reacts 
with the Mn, with the production of MnO. Other sub- 
stances will even more effectively remove the oxygen. 
but manganese seems to have the power to free the 
steel of sonims, which is equally important. The use 
of manganese alloys in open-hearth practice has been 
well covered by C. M. Weld and others. 


Iron Ores and Manganese Ores—The use of ores 
high in manganese for the production of ferro-man- 
ganese does not concern us here; the use of middle- 
grade ores for the production of spiegeleisen requires 
some discussion because between iron ore containing 
only small amounts of manganese, and manganese ore 
containing only a small amount of iron, there is every 
possible gradation, and the point at which an ore 
ceases to be an iron ore and becomes a manganese ore 
is not clearly fixed. The simplest definition is one of 
use; if the ore is used to produce manganese alloys 
it is a manganese ore, but if it is used like an iron ore 
it 1S an iron ore, notwithstanding its manganese con- 
tent. By this definition ores that on smelting in the 
blast furnace yield a pig iron containing less than 18 
per cent manganese are iron ores, and the problems 
arising from the presence of manganese in such ores 
will be discussed below. 

Advantages or Disadvantages of Manganese in Iron 
Ores—The presence of manganese in iron ores may 
be either objectionable or advantageous. The ob- 
jections are that manganese is undesirable in pig 
iron used for certain purposes, and that much of the 
manganese is lost in the blast furnace, going mto the 
slag. The advantages are that manganese-bearing 
ores are extremely useful in decreasing the sulphur 
content of steel, and the manganese present in pig 
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iron decreases the amount of manganese alloy which 
must be added in steel-making. The distinctions be- 
tween ordinary steel to which a small amount of man- 
ganese is added to deoxidize it and improve its qual- 
ity, and manganese steel, which contains 12 to 14 per 
cent manganese, must be kept in mind, because in the 
latter case twenty times as much manganese per ton 
of steel (on the average) is involved. Manganese 
in pig iron is generally believed to retard the transi- 
tion of austenite into ferrite and cementite; in other 
words, it has the opposite tendency to silicon, for it 
tends to keep the carbon in the combined form and 
make the pig iron more white. In cementite the man- 
ganese is isomorphous with Fe, so the formula for it 
may be written (Fe, Mn),C. The crystals of mangan- 
iferous cementite are usually larger than those of 
ordinary cementite, they are also harder. For these 
reasons the makers of malleable iron object to man- 
ganese higher than 0.6 per cent, because the product 
will be hard and difficult ta machine, and this is im- 
portant because the competition in making such 


_ objects as pipe fittings, for example, is so strong that 


an increase in the cost of machining them may be 
enough to wipe out all the manufacturer’s profit. 
Moldenke sets the limit for manganese in malleable 
iron at 0. 8 per cent. On the other hand, manganese 
up to 0.05 per cent is desired because it decreases 
checking and protects the silicon and iron from oxid- 
izing in the processes of manufacturing; it ought to 
equal three times the sulphur present to insure that 
all the sulphur will be in the form of manganese sul- 
phide. As a result. iron ore for making malleable pig 
is generally specified not to contain over 0.25 per 
cent Mn. About 3 per cent of the pig iron made in 
the United States is malleable, so about 3 per cent of 
the ore must meet that specification. 

Manganese in Pig Iron—In ordinary pig iron, man- 
ganese is no objection, except in Bessemer pig, where 
it ought not to exceed 9.5 per cent. but here we 
encounter the difficulty of the somewhat erratic be- 
havior of manganese in the blast furnace. Manganese 
quite readily unites with silica to form manganese 
silicate. An investigation of spiegel furnace practice. 
given in Bulletin 173, already cited, reveals that the 
manganese in the slag ranged between 7 and 8 perf 
cent. With moderate amounts of manganese in the 
blast-furnace charge it would undoubtedly be possible 
to so operate the furnace as to cause all the manganese 
to go into the slag. Ordinary pig iron ranges between 
0.25 and 1 per cent manganese, but 2 per cent is not 
uncommon. The average manganese content of Lake 
Superior iron ores is between 0.6 and 0.8 per cent. 
which would correspond to about 1.4 per cent Mn in 
the pig iron if the manganese were all saved, which 
is not the case. Probably most ordinary pig iron 1s 
between 0.5 and 1 per cent manganese, and a con- 
siderable part of the manganese charged into the blast 
furnace is lost in the slag. 

What happens to the manganese in the pig iron 
depends on what process is used for converting it into 
steel. In the acid-Bessemer process the manganese 
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and silicon are the first elements to burn off. In 
America the Bessemer operator prefers his pig not 
to carry over 0.5 per cent Mn because more than that 
makes a liquid slag which causes a good deal of slop- 
ping from the converter during the blow and causes 
dirty ingots from the slag carried over the steel. With 
the thin slag it is also more difficult to re-carburize 
the metal. In Sweden, 2 per cent Mn was formerly 
tised in Bessemer practice; the Swedish metal was low 
in silicon, the principal source of heat in the first stages 
of the blow. Briefly, we may say that all the man- 
ganese of ore used for Bessemer stéel is lost in the 
smelting and steel-making operation; the amount pres- 
ent in the average in American ores is rather tore 
than is desirable for the best operation of the process. 

Manganese in the Open Hearth—In the acid opeti- 
hearth process practically the same condition obtains. 
and the manganese in the bath is reduced to only a 
trace by the time the charge is melted. The contribu- 
tion of heat by the burning of the manganese is not 
needed in the gas-heated open-hearth, the manganese 
vields a base which not only requires SiO, to flux it, 
but increases the amount of slag made, and the lost 
manganese decreases the yield of steel from the pig 
iron charged. 

In the basic open-hearth, on the other hand, we are 
counting on the basic slag to eliminate phosphorus. 
and some of the sulphur and the manganese is useful 
in providing a base, for basic open-hearth slag con- 
tains 10 to 25 per cent FeO. The objections made 
above, therefore, disappear, and remembering that 
half of the pig iron made is basic grade, the way is 
then cleared for the use of any desired amount of 
manganese in ore. The objection still remains as to 
the loss of manganese in the blast furnace, but with 
care this 1s probably not over a third and the man- 
ganese which goes to the steel furnace is advantageous. 
Insofar as it is not eliminated in the steel-making 
process, initial manganese produces good effects for 
which manganese alloys are added, and reduces the 
amount of such alloys. It is quite possible to oper- 
ate the basic open-hearth so that instead of the man- 
ganese being eliminated from the bath it will not fall 
below 0.25 to 0.3 per cent. which not only obviates 
adding that much but also has a very beneficial effect 
on sulphur elimination. 

Another use for manganiferous iron ores is for the 
ore addition during the steel-making operation. The 
manganese reduced from the ore enters the bath and 
produces the good effects mentioned above. Here, 
however, another consideration enters, and equally 
applies to the use of high-manganese ores in the blast 
furnace for acid pig—namely, the phosphorus con- 
tent of high-manganese iron ore. It is obviously unde- 
sirable to add phosphorus in an operation designed 
to remove it. The principal place in the United States 
where manganiferous ores are produced is the Cuyuna 
range, Minnesota. E. Newton* has published an anal- 
vsis of the so-called high-phosphorus ore from the 
Cuyuna which shows 0.17 per cent P and 13.5 per cent 
Mn. which ought not to offer any particular difficulty 
in the basic open hearth as an ore addition. 

Conclusions as to Manganese in Iron Ores—The 
general conclusion as regards manganese in iron ore 
is that in any amount that will vield over 18 per cent 
Mn in the resultant pig iron it is to be considered a 
manganese ore. In lesser amounts it is extremely 
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useful, both for the production of a 1 to 2 per cent Mn 
pig iron for the basic open-hearth furnace, and also 
to add to the bath in the steel-making process because 
of its helpful effect in aiding in the elimination of sul- 
phur. On blast furnaces making malleable pig the 
manganese must be kept down, so that the iron will 
not contain in excess of 0.5 per cent Mn, because of its 
hardening effect, and for general purposes not over 
1 per cent Mn is desired. Vermilion Range ores from 
the Lake Superior district average 0.1 per cent Mn. 
Shipments from the Cuyuna district range from 2 to 
4 per cent (excluding 1918 when high-grade Mn ore 
was being produced) and the average for the whole of 
Lake Superior has not varied much from 0.7 per cent 
Mn since 1909 (except in 1918, when it was 0.85 per 
cent Mn). Assuming that there is a 40 per cent loss of 
manganese in the blast furnace, Lake Superior ores 
would average a little less than 1 per cent Mn in the 
resultant pig iron. Allowing for malleable and Bes- 
semer pig, the present ore supply allows for making 
about a 1.5 per cent Mn basic pig and for adding some 
manganese-bearing ore in the steel-making process. 
The known reserves of manganese-bearing iron ore 
carrying over 2 per cent manganese are certainly much 
smaller than was at one time supposed, and if the use 
of manganese as a desulphurizer continues to grow 
the future demand will at no distant date have to be 
ttiet by imported manganese ore. As the imported 
ore carries 48 per cent Mn or better the tonnage in- 
volved will, of course, be very much less. 
Conclusions as to Manganese sn Ores—In_ short, 
manganese is not objectionable in a normal percentage 
in iron ore, unless the ore is of Bessemer grade, or 
could be used for malleable iron. In non-Bessemer ore 
the only objection to it is that when it is present the 
iron is usually correspondingly lowered, and as the 
smelting plants do not pay for the manganese in iron 
ore. it is, as far as the producer is concerned, simply 
a diluent of his ore. The practice of using man- 
ganiferous ore in the basic steel-making operation has 
grown to such an extent, that a premium for its man- 
ganese content is now being paid for such ores. 


Titanium in Iron Ores. 

The discussion of the effect of the presence of 
titanium in iron ore is one to be approached only with 
hesitation, for, in the opinion of the writer, it is a 
matter of no great importance but one on which wide 
differences of opinion exist. 

Some years ago J. T. Singewald, Jr., now of Johns 
Hopkins University, but then with the U. S. Bureau 
of Mines, was assigned the task of ascertaining just 
what the possibilities of the larger deposits of titan- 
iferous iron ore in the United States might be. The 
results of Mr. Singewald’s studies were published in 
1913 as Bulletin 64 of the Bureau of Mines and the 
following quotation is from page 38 of that publica- 
tion: | 

The field investigation of the titaniferous iron ores has 
given the author the impression that the possibilities of these 
ores with reference to the iron-ore resources of the country 
have been grossly exaggerated in many quarters. In _ the 
detailed description of the more important deposits of these 
ores that follows. their commercial aspect is discussed so far 
as available data make this possible, and the statements made 
here are in the nature of conclusions based on those dis- 
cussions. 

Least promising are the possibilities of the ores in the 
ferro-magnesian rich rocks. As a general rule, the deposits 
are of small and irregular extent, and the ores fine grained 
and lean. Leaving out of consideration for the moment their 
titanium content, they are ores that would require magnetic 
concentration before they could be used in the blast furnace. 
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Further, most of the deposits are inaccessible to adequate 
transportation facilities. Their situation both topographically 
and with regard to the industrial development of the country 
at large is such that there are no prospects of transportation 
facilities being provided for a long time to come. Hence, to 
put these deposits on a producing basis, heavy initial expense 
would have to be incurred for erecting magnetic concentra- 
tors and providing adequate transportation facilities. The 
small extent of most of the deposits and their irregular dis- 
tribution make those costs prohibitive. Then, their titan- 
iferous character must be taken into consideration. The rela- 
tions of ilmenite and magnetite in the ores are such that the 
least favorable results would be obtained in the elimination 
of titanium by magnetic concentration. In fact, the titanium 
would be increased together with the iron; so that the higher 
the iron content of the concentrates, the higher would be 
their titanium content. 


On page 141 Singewald says: 

As regards chemical composition. except for their titanium 
content, the ores are very desirable. The coarser-grained 
ores are usually high grade in their natural condition, whereas 
a magnetic seperation of the leaner ores yields a high-grade 
concentrate, with the deleterious constituents at a minimum. 

As the iron industry at present demands large deposits of 
definite extent, the outlook for most of the deposits of titan- 
iferous iron ore in the United States is not promising. As 
a rule the deposits are relatively small and of irregular extent 
and distribution. Further, they are lean to medium grade, 
and inaccessibly situated as regards transportation facilities. 
In other words, to put the deposits on a production basis 
would require a heavy initial outlay of capital, which the size 
and irregularity of occurrence does not warrant. There are, 
however, the two large. high-grade deposits of Sanford Hill, 
N. Y.. and Iron Mountain, Wyoming, which are so readily 
workable that. despite their titaniferous character, their utiliza- 
tion within a few years seems certain. 


The following quotation is from the preface to 
Bulletin 64: 

It is to be regretted that the results of Mr. Singewald’s 
careful study of the ores are chiefly negative. Some deposits 
of titaniferous iron ore are clearly not as extensive nor as 
high in iron ore as they were reported to be. Moreover, 
examination of many samples by metallographic methods has 
demonstrated that although a large part of the titanium in 
these ores is in the form of ilmenite, much of this ilmenite 
is far more intimately associated with the magnetite than has 
generally been supposed. Part of the magnetite and ilmenite 
occurs in such large and distinct aggregates that their separa- 
tion by a magnetic concentration after fine crushing is prac- 
ticable, but in by far the larger number of samples examined 
and in practically all the ore bodies that are known to be large 
enough and rich enough in iron to be of much importance. 
most of the ilmenite occurs as such fine intergrowths in the 
mass of the magnetite that a complete separation of the two 
minerals by any process based on difference of physical prop- 
erties still seems impractical. Crushing even to 200 mesh 
would not insure a clean separation of the two minerals. 
Consequently the problem of utilizing titaniferous magnetites 
involves the application of chemical rather than physical 
methods. In short, the problem is not one of eliminating the 
titanium by milling but of reducing the ores directly by some 
melting process. 

Tron ores containing over 1 per cent of titanium are 
troublesome to smelt in the blast furnace. Though Rossi 
and other investigators have demonstrated the possibilitv of 
eliminating titanium through the formation of relatively fluid 
slags consisting of complex titano-silicates, there seems to’ be 
no inclination on the part of the iron-masters to adopt fur- 
nace practice to these conditions. However, as Mr. Singc- 
wald points out, it is practicable to use in blast-furnace mix- 
tures small proportions of the concentrates from a magnetic 
separation of the titaniferous ores with little change in pres- 
ent methods and without danger of choking a furnace. The 
use of electricity in smelting offers other possibilities. The 
reduction of titaniferous ores in electrically heated furnaces 
and the production of iron-titanium allovs bv a direct process 
are problems of such importance that the Bureau of Mines. 
in connection with its investigations of the treatment of ores 
and of more efficient methods of smelting. is undertaking 
experiments with these ores. The results of these experiments 
will be published in future reports of the Bureau. 


Tt appears from the above that the economic import- 
ance of titanium-bearing ores is nothing like as great 
as has been supposed. The next point is whether 
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there is any real problem involved in smelting such 
ores in the blast furnace. The discussion that ha> 
appeared on this topic has been admirably summarized 
by R. S. Robertson and does not need to be repeated 
here. J. E. Johnson says: 

There is much reason to believe that the former verdict 
against (titanium) was on insufficient ground. * * * There 
seems to be no longer any reasonable doubt that it is quite 
possible to operate furnaces successfully on ores containing 
amounts of titanium which at one time were firmly believed 
to be prohibitive. 

The effect of titanium on iron and steel is discussed 
by Stoughton. As the effects of titanium in iron and 
steel can be secured by adding ferro-titanium made 
in the electric furnace from titanium ores, it 1s not 
essential that titanium-bearing iron ores should be 
smelted in the blast furnace unless it can be done in 
competition with the smelting of ordinary ores. 

The smelting of titanium-bearing ores in the elec- 
tric furnace for the production of titanium alloys :- 
outside the scope of our present inquiry and_ the 
smelting of titanium-bearing ores in the electric fur- 
nace for the production of pig iron involves the many 
problems which beset the smelting of iron ores m 
electric furnaces. Briefly, it may be said that it has 
not yet been found possible to make pig iron in the 
electric furnace at a cost that will enable it to com- 
pete with ordinary pig iron, except in a few special 
cases where the transportation charges on such pig 
iron are so high as to create the wide margin of excess 
cost demanded by the electric furnace. Unfortunately. 
where such transportation costs exist, pig-Iron mar- 
kets are usually small and scattered, so that the pro- 
duction of pig iron in the blast furnace is not likely 
to attain any extensive development unless the cost «1 
operation can be brought to more nearly compare with 
the cost of pig-iron production in the blast furnace. 


Miscellaneous Elements. 


A complete and sufficiently careful analysis o: 
almost any tron ore would show a long list of elements 
that are present in perceptible amounts. But there 
are only a few. in addition to those already discussed. 
that are of sufficient importance to warrant mention 
here. 

If we consider the fact that manganese and tita- 
nium, which are so closely associated with iron in the 
periodic table of elements as shown in Brauner’: 
modification of Mendeleff’s original table. are also <u 
commonly found in association with iron ores it might 
be considered remarkable that the other intervening 
members of the series do not commonlv occur in larger 
amounts. The series is as follows: Ti. 48.1: V. 51.2: 
Cr. 521: Mn, 55: Fe. 55.9: Ni. 58.7: Co. 59.0: Cu. 
63.6. Those not already covered are d'scussed below. 

Nickel—In the above list nickel is closer to iren 
than manganese is, and yet nickel relatively seldom 
occurs in iron ore in such large amoannts as man- 
ganese. Excepting the brown ores of Cuba. Greece 
and the Celebes (which are considered to have resulte: 
from the alteration of serpentine or some similar 
rock mass), and some igneous tvnes of iron ore 
usuallv of crvstalline magnetite or hematite. it is un- 
usual for nickel to occur in 1ron ore in amounts large 
enough to call for anv comment. Even in_ these 
deposits the nickel seldom exceeds 0.6 per cent. On 
the face of it. it would seem that n'ckel would be 4 
welcome constituent of iron ore, as it is so useful av 
addition to steel. making it strong and hard withot 
increasing its brittleness as much as carbon does. Such 
an assumption is erroneous, for the successful use of 
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an addition agent requires its careful control, and the 
control of carbon involves taking it all out of the 
steel and then adding the desired amount. In a blast 
furnace and steel plant in which nickel-bearing iron 
ore 1s used, the nickel-bearing material gets dissem- 
inated through the plant, to the great embarrassment 
of operations in which it is desired to make metal free 
trom nickel. Such ores, instead of being welcomed by 
the blast-furnace operator are looked upon with aver- 
sion, unless the plant is so situated as respect to ores 
and markets that it can concentrate on the manutac- 
ture of nickel steel. From the operator's standpoint it 
is therefore a matter of satisfaction that nickel does 
not more commonly appear in any notable amounts 
as a constituent of iron ores. 

Chromium—The foregoing remarks on the subject 
of nickel may be equally applied to chromium, except 
that the ores which contain nickel usually contain two 
to four times as much chromium. This being the 
case it is fortunate that some of the chromium in a 
blast-furnace charge passes into the slag, which is not 
the case with nickel. As the ratio of chromium to iron 
in these ores is sometimes as high as 1 to 20, and pig 
iron containing chrom.um in the ratio of 1 to 100 iron 
is hard, and double that ratio makes it unfit for 
foundry purposes, this fact is not of much assistance. 
However, itis not difficult to eliminate chromium from 
ig iron in the Bessemer converter, and most of the 
chromium in the brown ore from Cuba has been elim- 
inated in this way. 

Cobalt—The relative scarceness of cobalt as com- 
pared with nickel is perhaps sufficient explanation why 
it does not occur in iron ores in amounts which call 
for any comment here. 

Copper—tThis occasional constituent of iron ores 
has already been referred to in the section on sulphur, 
where it 1s pointed out that copper, as a constituent 
of pyrite cinder, is usually removed by leaching and 
recovered; and if copper occurred in considerable 
amounts in iron ore it could be handled in this way. 
Some ores of the eastern United States as well as the 
brown ores of Cuba, referred to above, contain some 
copper and yield a metal containing from 0.1 up to 1 
per cent of copper. 

There is an abundant literature on the subject of 
the effect of copper in steel, some of it very contro- 
versial in character, and it will be sufficient here to 
note that copper in iron ore, when it occurs in sufficient 
amount, can be removed by leaching, and when pres- 
ent in smaller amounts can, through using copper-free 
ores on the blast furnace burden, be kept within 
desired limits in the resulting pig iron. 

Vanadium—This metal is so uncommon as a con- 
stituent of the earth’s crust that an ore that contained 
even a few per cent of it would be cons.dered a 
Vanadium ore and treated to recover that metal. It. 
therefore, does not need further consideration here 
than to note that its behavior in the blast-furnace 
charge is much like that of titanium. | 

Zinc—Some of the smaller ore deposits of the eastern 
United States contain zinc. As zinc vaporizes at 
920 deg. C., the metal rises with the gases and as 
soon as it reaches a point at which the temperature 
and the CO, concentration permits, it reacts with CO, 
to form ZnO, which may form a “zinc-ring” in the 
walls of the furnace just below the stock line. The 
ZnO which condenses in the charge is carried by it 
hack to the zone of reduction and repeats its cycle. 
Aside from the annoyance to operations resulting from 
the scaffolding effect on the walls, and the difficulty of 
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removal, the presence of zinc in some iron ores does 
not call for further comment. 

Other Elements—Chlorine, arsenic, antimony, etc., 
which may occur in minute amounts in iron ores, 
offer no difficulty in their treatment because they are 
all volatil.zed at temperatures much below those pre- 
vailing in the blast furnace. Potassium is an element 
that would naturally be expected to go into the slag, 
but which in part goes off with the gases. Much has 
been written on the possibilty of making the iron 
blast furnace a source of potash, but the matter is not 
one which comes within the scope of this review 
although reference may be made to the work of Kin- 
ney* of the Bureau of Mines. 


Bricf Conclusions as to Impurities in Iron Ores— 
This concludes the list of impurities in iron ore which 
need to be taken into consideration. The general con- 
clus.on is that silica constitutes the principal problem 
in iron-ore beneficiation. Phosphorus can be taken 
care of by adapting the metallurgical process to the 
amount present. Sulphur is a coke problem rather 
than an ore problem. Lime and magnesia are seldom 
present in amounts in excess of that required in the 
blast-furnace mixture. Alumina can usually be re- 
moved by simple washing process. Excessive moisture 
adds to transportation costs and when the saving in 
freight, etc., exceeds the cost of drying plus the prob- 
lems introduced by dust losses, etc., beneficiation 
processes to reduce the moisture content are war- 
ranted. Silica, when present in amounts over the 
quantity necessary for making the required amount 
of slag, increases the cost of pig iron production, and 
its removal is warranted when the cost does not 
exceed the resultant saving in cost of pig-iron produc- 
tion. Some of the processes used for this purpose 
have been referred to in the foregoing discussion, but 
their detailed study lies outside a general discussion 
of the principles of iron-ore beneficiation. 


Disintegrating and Agglomerating of Iron Ore. 


Movement of Charge and Wind in the Blast Fur- 
nace—To obtain good operating conditions in the blast 
furnace it is necessary, not only to have a proper 
chemical mixture, but also to have a proper physical 
mixture as well. The reason for this is, of course, that 
we have to provide for the blowing of 8,000 tons of 
air a day up through the descending charge while 
something like 1,000 tons of ore, 500 tons of coke, and 
200 or 300 tons of limestone per day is at the same 
time descending the shaft. It is a fundamental prin- 
ciple of physics that two bodies cannot occupy the 
same space at the same time, consequently the only 
way in which the air can get up through the furnace, 
while at the same time the ore, coke, and limestone 
are descending it, is to pass between the particles of 
these solids. If all the particles of each of these three 
solids were of exactly the same size, no matter what 
the size might be, the spaces between them would 
amount to about 50 per cent of the total volume that 
they occupy. If, however, we have a mixture of large 
particles and small particles, the small particles tend 
to occupy the spaces between the large ones so that 
the volume of the particles reckoned as a percentage 
of the space which they occupy tends to become larger 
and larger until with a theoretically perfect mixture 
of particles of the proper sizes their volume would be 
practically 100 per cent of the space they occupy or, 


*Kinney, S. P., and Guernsey, E. W.. Occurrence, distribution, 
and significance of alkali cyanides in the blast furnace. Tech. 


Paper 390, Bureau of Mines, 1926, (in press). 
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in other words, there would be no spaces between 
them. Much study of the problem of getting a mix- 
ture of the proper sizes so as to yield a minimum of 
interspaces has been done by engineers engaged in 
the proportioning of mixtures of concrete so as to 
yield a mixture which has the minimum of spaces be- 
tween the particles, and accordingly gives a maximum 
of solidity. In the blast furnace we have the opposite 
phase of the problem because the blast-furnace mix- 
ture ought to be so proportioned as to give the max- 
imum amount of spaces between the particles. The 
reason for this is that the power required to force the 
enormous quantity of air through the blast furnace 1s 
really very considerable and the blowing equipment 1s 
perhaps the most expensive part of the blast-furnace 
plant. The problem in blowing a blast furnace is to 
get the requisite number of pounds of oxygen to the 
coke in order to burn the coke away as rapidly as pos- 
sible, because the more rapidly the coke burns the 
more effectively will it yield its heat for the production 
of the desired reactions within the furnace. There is 
a somewhat general opinion that certain kinds of coke 
burn more rapidly than others, but so far as is known 
at the present time there is no evidence to indicate 
that the rapidity at which coke burns depends upon 
anything other than the rate with which it is supplied 
with oxygen for the burning. The structure of a piece 
of coke has, of course, a considerable influence over 
the rate at which it can be supplied with oxygen, just 
as coke can be more rapidly supplied with oxygen 
than a lump of anthracite coal can, but the basic prob- 
lem is the supplying of oxygen to the coke and the less 
resistance to be overcome in doing this the less expen- 
sive will the operation be. From the standpoint of 
getting the blast through the furnace the larger the 
proportion of open spaces in the blast furnace charge 
the smaller will be the cost of blowing. 

Size of Charge Materials and Blast-Furnace Reac- 
tions—There is another phase of the matter, however, 
and that is the effect of the size of the particles upon 
the speed with which the blast-furnace reactions can 
take place. In the case of the limestone it is undoubt- 
edly true that after it has descended below the point 
in the furnace at which there is much free carbon 
dioxide it is converted into CaO or quicklime, which 
has only 50 per cent of the volume of the original lime- 
stone and also, not being very coherent, is probably 
quickly ground into powder by the movement of the 
harder particles of the charge. The coke and ore 
particles are doubtless also somewhat disintegrated 
during the descent from the top to the bottom of the 
furnace. The gradual settling of the charge may be 
compared to the slow movement of a glacier, and the 
grinding and crushing of the particles against each 
other unquestionably tends to disintegrate them. It 
has been found in mining practice that after ore is 
milled down through chutes several hundred feet in 
height it will be found, on emerging at the bottom, 
to have been thoroughly crushed in the descent, even 
though originally quite hard and coherent. It is 
unquestionably true that the same sort of action takes 
place to a limited degree in the blast furnace, although 
it is impossible to determine to what extent. On this 
question I would refer the reader to the paper* by T. 
I.. Joseph, P. H. Royster, and S. P. Kinney read before 
the Blast Furnace Conference of Engineers’ Society of 
Western Pennsylvania, November 12, 1925. 


*Effect of physical properties of ore and coke on the capacity 
of the blast furnace. Proceedings Engineers’ Society of Western 
Pennsylvania, vol. 41, 1926 
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It is obvious, of course, that the iron ore will also 
suffer a change in volume during the progress of its 
descent, because soon after passing into the zone oi 
reduction it is changed from Fe,O, to Fe, which cor- 
responds to a shrinkage of 30 per cent in volume. It 
is not to be supposed that the actual volume decreases 
to this extent either in the case of the iron ore or the 
limestone, and what happens is that in place of solid 
particles they are converted into more or less porous 
particles by the elimination of the oxygen and carbon 
dioxide, respectively. 

We see, therefore, that the tendency during the 
progress of the solid materials down through the fur- 
nace is to reduce them in size. In other words, large 
lumps charged into the furnace will tend to be crushed 
into smaller lumps in progress through it, so that we 
have to consider not only the relation between large 
and small particles in the initial charge but also the 
probable change in that ratio during the progress ot 
their descent. 

Size of Iron Ore and Coke—It seems clearly dem- 
onstrated at the present time that within unknown 
limits the smaller a particle of iron ore the more readily 
is it reduced in the blast furnace. It is self-evident 
that the smaller a particle of coke the more easily will 
it be burned, because the speed of burning the coke 
depends upon the ratio between the surface and the 
mass, and the smaller the particle the larger is its sur- 
face in proportion to its mass. 

From this analysis of the problem it would appear 
that if we could get particles all of a uniformly small 
size we should have an ideal charge for the blast fur- 
nace. The matter is not quite so simple as this, how- 
ever, because some other factors must be considered. 
For example: When the ores of the Mesabi range 
were first mined in considerable quantity they were 
violently objected to by blast-furnace operators, who 
said that the particles were too fine and made operation 
of the blast furnace difficult. It was said that these 
fine ores caused explosions in the blast furnace, though 
this is very doubtful. However, if a blast furnace 
hangs up through the formation of scaffolds on the 
side, coupled with arching of the charge, until the 
charge below has melted away and then the scaffold 
yields, dropping the burden through considerable 
distance, the effect produced on the blast furnace 1s 
almost exactly the same as if an explosion had taken 
place within it, so that the question is one of terms 
rather than of effects. As blast-furnace operators 
learned through experience how to prevent these 
effects with Mesabi ores, the effects of them gradually 
disappeared, and at the present time the curious state 
of affairs exists that two plants have been built to 
crush Mesabi ores. This is because in steam-shovel 
mining large lumps of ore can be loaded by the steam 
shovels and are extremely difficult to handle when they 
arrive at the ore docks and furnaces. 

Objection to Fime Ore—The objections to fine ore 
are more than one: In the first place the blowing 
of 8,000 tons of air a day up through the spaces be- 
tween the charge inevitably means that these gases 
are passing through the charge with a high velocity. 
and any particles of ore that are small enough to be 
lifted by this velocity will be raised up through the 
furnace by the up-rushing gases instead of descending 
down it by its own weight. There are two forces act- 
ing on a particle in the blast furnace: The force of 
gravity, which tends to make it descend in the furnace. 
and the force of the gas pressure, which tends to make 
itrise. The relative effect of the gas pressure increases 
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enormously with the decrease in size of the particles, 
with the result that small particles are blown out of 
the furnace with the gases. Not every particle that 
might be lifted by the gases is blown out, however, 
because the large particles shelter the small particles 
immediately behind them and they are thus able to 
make their way to the bottom, even in the face of high 
gas velocity. (This condition may be compared to 
infantrymen advancing behind the shelter of tanks in 
the face of machine-gun fire.) Nevertheless, a large 
proportion of the fine material gets blown out of the 
furnace. Suitable provision has to be made for catch- 
ing it, wh.ch is difficult to do, and it gives more or less 
trouble in the gas chambers and makes necessary 
expensive provision for eliminating it from gas that is 
to be sent to gas engines. The material which is blown 
out is sometimes collected and charged back into the 
furnace again, in spite of the obvious fact if it was 
blown out the first time it can be blown out a second 
time. The proper treatment is to subject it to an 
operation for sintering it, as described in more detail 
below. 

Objections to Coarse Ore—The good effect of the 
large particles in protecting the small ones in descent 
through the furnace has been mentioned, but large size 
in a particle is also disadvantageous. If the lumps of 
ore are very large the time required to convert them 
from iron oxide to iron is considerably increased and 
they may even pass through the zone of reduction 
with a core that is still unreduced. When they come 
to the zone of melting, the melting time is also in- 
creased and therefore large particles, especially of ore, 
are objectionable in the blast furnace. The miner, 
therefore, is called upon to furnish the furnace with 
material that has no lumps that are too large to be 
reduced and melted readily and without particles that 
are so small that when they are put in the blast fur- 
nace they will be blown out again. When most iron 
ore was mined by hand underground the problem of 
large lumps scarcely existed. The ore had to be shov- 
eled into cars underground, and this automatically 
insured that the miners would break the ore into lumps 
that were small enough to be conveniently handled. 


At the present time, when a very considerable pro- 
portion of the ore is mined by steam shovels and 1s 
never touched by hands from the time it is first moved 
from its bed until it reaches the blast furnace, a quite 
different conditions of affairs exists. The tendency in 
open-pit mining has been to use larger and larger 
shovels and ones with buckets of 8-cubic yard capac- 
ity are not uncommon. It is quite possivble with 
shovels of this size to load into the cars; blocks of ore 
that are too large to pass through the chutes in the 
ore docks or to be handled by the equipment used for 
unloading the boats at lower lake ports. The result 
of this is that the ore arriving at the blast furnaces 
contains not a few masses that are just under the size 
beyond which they cannot be handled in transporta- 
tion. These masses are much too large for the suc- 
cessful working of the furnace, not only because of 
the long time required to reduce and melt them, but 
because they accentuate the problem already men- 
tioned of the smaller particles filling the spaces be- 
tween the large ones and leaving no openings through 
which the blast can pass. 

Example of Screening and Crushing Lump Ore— 
The problem of how to deal with these large masses 
is one that is receiving a good deal of study at the 
present time and no general solution has as yet been 
teached. At Hibbing, Minn., the Oliver Iron Mining 
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Company has built a screening and crushing plant to 
handle part of the ore taken from the Hull-Rust pit. 
This ore comes from a part of the deposit that has 
been cemented so that it breaks in fairly large lumps 
and the method of treatment is as follows. 

The ore loaded on cars by the steam shovel is taken 
to a large grizzley made of railroad rails set at an 
angle of about 45 degrees. The ore is dumped over 
this grizzley and all particles smaller than 6 inches in 
diameter pass through the grizzley into a pocket from 
which they may be loaded into cars for shipment. The 
oversize is elevated by a belt conveyor to a jaw 
crusher, whose product goes to bins for shipment. 
This process is, of course, practically effective in 
reducing the large lumps to the size desired, but 
has the disadvantage that it requires subjecting all 
the ore loaded into the car by the shovel to a re-han- 
dling, which is only necessary in the case of a small 
part of it. As a result of the operation a central 
screening and re-crushing plant for the mines of the 
Virginia district was put into operation in 1924. 

It would, of course, be possible to subject these 
large particles to the same process that is now applied 
to products too large to be lifted by the shovel. Such 
blocks are pushed to one side by the shovel and are 
broken by blasting either by mud-capping or block- 
holing. This method is not only somewhat expensive, 
but also if it has to be applied to any considerable 
number of particles tends to interfere with the opera- 
tion of the shovel itself. 

It is, therefore, seen that the problem of how best 
to handle the lumps that are too large for economical 
treatment in the blast furnace is one that is now 
engaging the attention of the miners and mine opera- 
tors, but no general or satisfactory solution has yet 
been reached. | 

In ores which are subjected to the washing proc- 
esses described in an earlier section, this problem 
is automatically taken care of because in most cases 
facilities are provided for the breaking of lumps that 
are too large. 


Agglomerating Iron Ore Concentrates—In the mag- 
netic concentration of ores the problem of too large 
lumps does not exist, but because of the crushing 
that is necessary in order to free the magnetic par- 
ticles, a new problem is created—namely, the pro- 
duction of a concentrate that is too fine for furnace 
operation. This is especially true of the magnetic 
concentration of East Mesabi ores because of the fine 
grinding that is necessary to free the magnetic par- 
ticles. The process generally applied in magnetic 
concentration is the sintering of the ores on grates 
or sintering machines. The fine concentrate pro- 
duced by the magnetic concentration operations is 
mixed with a sufficient amount of fine bituminous coal, 
coke breeze, anthracite sludge, or other carbonaceous 
material that may be locally available, and sintered on 
the grates. The lumps of sinter thus produced are in 
some cases too large and have to be crushed. A cer- 
tain proportion of the product is also too fine and is 
often screened out and sent back over the sintering 
machine if the proportion of such fine material is 
larger than the furnaces desire. 


The use of kilns to sinter pyrite cinder has already 
been described in the section on “Sulphur in Iron 
Ore,” while the use of kilns to sinter the soft wet 
ores of Cuba has been described in the section on 
“Water in Ore.” Generally speaking, however, the 
temperatures used in drying wet ores are not high 
enough to cause any sintering effect, and the expense 
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of sintering ore by heat is sufficiently large so that it 
is not to be considered a general solution of the 
problem. 


Conclusion as to Size of Ore in the Blast Furnace— 
Generally speaking, it would appear, therefore, that 
the best solution of the problem of how to maintain 
a proper physical structure inside the blast furnace is 
to avoid feeding the furnace a mixture of large and 
small particles so proportioned that the small particles 
fill the spaces between the large ones to an undesirable 
degree. Assuming that undesirably large lumps are 
crushed before they arrive at the blast furnace this 
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could be brought about by screening the ore and the 
treating of the different sizes in different furnaces. In 
a plant where more than one blast furnace is operat- 
ing there is no obvious reason why one stack should 
not be operated on coarse ore and one on fine, although 
this would probably involve some difficulty in control- 
ling the chemical constitution of the mixture, because 
the two products would undoubtedly have a somewhat 
different composition. This point, to some extent. 
was discussed at the Blast Furnace Conference of the 
Engineers’ Society of Western Pennsylvania at Pitts- 
burgh, on Nevember 12, 1925, and published in its 
Proceedings for January, 1926, 


Oil-Electric Locomotives to Enter 
Industrial Field 


ITHIN the next month or six weeks the oil- 
WV electric locomotive; which has been attracting 

so much attention lately in the railroad field, 
will make its initial appearance in mining and lumber- 
ing operations. 

A locomotive of the 60-ton type, capable of de- 
veloping 300 hp., and similar in design to oil-electrics 
that are now in operation at six important railroad 
terminals in the east and middle west, is being built 
by the Ingersoll-Rand, American Locomotive and 
Gseneral Electric companies, originators of this type of 
motive power for the rails, for the use of the Utah 
Copper Company at its mines at Bingham, Utah. A 
locomotive of the 100-ton type, 600-hp. capacity, will 
be delivered at about the same time to the Red River 
Lumber Company for use in lumbering operations at 
Westwood, Cal. 

Installation in service of these two oil-electric loco- 
motives will mark the first use of this form of motive 
power at any point west of the Mississippi river, and 
its first use in mining and lumbering anywhere in the 
world. 


Up to the present time interest in otl-electric mo- 
ive power has been confined largely to its adaptability 
to the requirements of the railroads, and there has 
been but little discussion of its possibilities for other 
branches of industry. 

The manner, however, in which the o1l-electric 
locomotive was inducted into railroad service lends 
itself readily to a consideration of its possibilities for 
general industrial use. The tasks of locomotives in 
railroad yards are closely similar to the work they 
are called upon to perform in mining and lumbering 
work, and in steel and manufacturing plants. 


Designed for Special Purpose. 

The oil-electric locomotive was designed originally 
to aid in solving a very specific problem—the pressing 
need of the railroads to curtail the constantly increas- 
ing burden of operating costs. This condition was 
further complicated by a growing public demand for 
cleaner and more healthful transportation conditions, 
especially in the larger cities where the smoke and 
noise of congested railroad terminals had become seri- 
ous municipal problems, The result was that all the 
early tests and demonstrations of oil-electric opera- 
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tion have been in railroad service, particularly in 
switching work at points where the smoke problem 
was an acute issue. 


Excellent Results Possible. 

That excellent results are possible of attainment 
by the oil-electric locomotive in mining and lumber- 
ing operations seems assured by tests of similar loco- 
motives in use on the railroads. The 60-ton locomo- 
ive, in type similar to the one now being built for the 
Utah Copper Company, now in use on the Central 
Railroad of New Jersey in 2,331 hours of locomotive 
service, extending over a period of six months from 
October 22, 1925, to the end of April of this year, was 
operated at a fuel cost of 19.8 cents per locomotive 
hour. This compares with a fuel cost of $1.14 per 
locomotive hour for an equivalent steam locomotive 
engaged in the same kind of work under conditions 
almost identical at the same terminal. 

The work at which this locomotive was engaged 
was shifting freight and hauling cars on and off floats 
at the Bronx Terminal of the Jersey Central in New 
York City. This work is much like what a locomotive 
is called upon to perform in mining and lumbering 
operations, where ability to start quickly, to acceler- 
ate rapidly, and to move forward or backward with 
equal facility is of much importance. 


Greater Availability. 


Tests running over a period of months have shown 
that the oil-electric locomotive is capable of doing 
approximately as much work as two equivalent steam 
engines. This is in part because of its greater avail- 
ability for service, which is about 80 per cent, or double 
that of the steam engine, and because no time is 
wasted in getting up steam in order to start working. 


Economy is an essential feature of the oil-electric. 
aside from its ease of operation and the fact that it is 
smokeless, noiseless, without ashes and without 
sparks. The latter factor is of importance in lumber- 
ing operations, where care must be taken to guard 
against incipient fires. 

The oil-electric locomotive, in brief, consists of an 
internal combustion engine, using low grade fuel oil, 
which drives an electric generator, which in turn 
transmits power to motors geared to the axles of 
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the driving wheels. Being a_ self-contained power 
unit, it can be placed in operation immediately in any 
kind of service without capital investment other than 
its own Initial cost. 


Cost of Maintenance. 


It can be operated, it is claimed, at a fuel cost of 
irom one-third to one-sixth that of the equivalent 
steam engine. It makes possible elimination of coal- 
ing plants, ash pits, turn tables, and expensive round 
house and hostling service. Very little water is re- 
quired for its operation, thus eliminating costly water 
equipment and troubles due to bad water conditions. 
The cost of maintenance of the oil-clectric, it is esti- 
mated, is but half that of the steam locomotive. Be- 
cause of its smaller mechanical parts, heavier shop 
machinery is not required. 


The oil-electric 1s so easy to operate that any steam 
or electrical engineer can learn to manipulate it ina 
few hours; and it may be substituted for any other 
form of motive power without any disturbance of per- 
sonnel or mechanical equipment of any kind. Two or 
more of these locomotives can be articulated and 
operated from a single control station by ao single 
crew. 


Low Fuel Cost. 


It was demonstrated early in January that a 60- 
ton oil-electric locomotive can make a Jong run at an 
average fuel cost even lower than an automobile. The 
locomotive was that now in operation on the Balti- 
more & QOhio railroad and the run, which was made 
unattached, was over a circuitous route of 733 miles 
from Erie, Pa., to New York City. The entire cost for 
fuel and lubricating oil for the trip was $8.75, or 1.2 
cents per mile. To operate a Ford costs on an aver- 
age of 1.66 cents a mile for gasoline and lubricants. 
\ similar locomotive, delivered early in June to the 
Reading system, made the run of 613 miles) from 
Schenectady, N. Y., to Atlantic Citv at a fuel cost of 
87.78, or an average of less than 1.3 cents a mile. This 
locomotive attracted much attention at the annual 
convention of the American Railway .\ssoctation. 


Efficiency and Power. 


Another interesting performance was made by the 
100-ton oil-electric locomotive owned by the Long 
Island railroad. This locomotive, similar in type to 
the one being built for the Red River Lumber Com- 
pany, starting from Erie, Pa.. and hauling a loaded 
freight train, made the run of 537 miles to New York 
City without stopping for fuel or water. The cost of 
fuel and lubricating oil for the trip was only $26.15, 
or an average of less than 5 cents a mile. The ef- 
hciency of this locomotive was demonstrated at one 
point during the run when it pushed a stalled freight 
train of 62 cars over a one per cent grade without un- 
coupling its own load. A previous test at Erie showed 
this locomotive with a trailing Joad of 1,315 tons 
starting from a standstill on a one per cent grade and 
acceleratng up the grade to a speed of six miles an 
hour, 


Meets Any Requirement. 


The oil-electric locomotive can be adapted to mect 
any railroad or industrial requirement. While up to 
now its use has been confined entirely to yard and 
switching service, it can be geared to the speed of the 
lastest expresses and contains the possibilities of a 
trans-continental run without necessity for a single 
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stop for fuel or water. Locomotives of 300 and 600 
hp. are now in regular use on American railroads. A 
7>0-hp. unit has been ordered and is now under con- 
struction, and designs have been completed for an oil- 
electric of 1500 hp. 


Where Now in Use. 


Oil-electric locomotives are now in service on the 
Central Railroad of New Jersey, the Baltimore & 
Ohio, the Lehigh Vallev, the Long Island and the 
Irie railroads, all in the New York territory, and on 
the Chicago & Northwestern Railway in Chicago. 
The most recent installation was on the Reading sys- 
tem in Philadelphia. In addition to these roads ou- 
electrics have been ordered by the New York Central, 
the Delaware, Lackawanna & Western, and the Chi- 
cago & Great Northern. The latter engine is destined 
for use at St. Paul, Minn. 


Protective Coatings for Metals 
(Continued from page 343) 


sheets and = galvamzed sheets containing various 
weights of zine coatings; the sheets being exposed to 
very severe service conditions in three different cities. 

It has been found that the finer grained the rust 
is the slower will be the rate of corrosion, such fine 
gra.ned rust having the property of permitting the 
sheet to dry more quickly than sheets containing 
spongy and coarse grained rust. 

A vitreous enameled sheet to which the coating has 
been fused at approximately 1500 deg. F. has the very 
des.rable property of quickly shedding water when 
used for roofing purposes. It has been found that the 
vitreous enamel affects the surface tension of the 
water so that it forms in globules and rolls off the 
sheets instead of spreading over them in the form of 
a film which occurs on other roofing products. Corro- 
sion is essentially the result of the action of oxygen 
and water and it is obvious that 1f the sheets dry more 
quickly and if the water does not adhere to them the 
rate of corrosion will be decreased. 

It has been found that an enameled sheet when 
dipped into water and allowed to dry, will retain only 
one-third as much water as a weathered galvanized 
sheet or uncoated sheet. 

It is a recognized fact that under severe service 
conditions, dependance must be placed upon the coat- 
ing if rust resistance 1s desired. It, therefore, becomes 
unnecessary to use heavy gauge material when using 
vitreous enameled sheets. 

The vitreous enameled coating has a very low 
specific gravity, and is from two to three times as 
thick as the average galvanized coating on sheets. 

Vitreous enameled sheets should give very satis- 
factory service under conditions surrounding chemical 
plants, blast furnaces, foundries, and under alkaline 
conditions such as may prevail where alkalies are 
produced or used, 


Carnegie Issues Books 

Carnegie Steel Company, Pittsburgh, has just is- 
sued the first edition of a 196-page book, “Structural 
Steel Shapes.” This book contains information and 
tables for engineers and designers and other data per- 
taining to structural steel manufactured by the com- 
pany. The Carnegie company also has published a 
booklet giving information on lght-weight wrought 
steel wheels for freight car service. 
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World’s Largest Blooming Mill Completed 


HE 54-in. two-high reversing blooming mill re- 
T centty completed at the Youngstown plant of 

the United Engineering & Foundry Company for 
the Homestead Works of the Carnegie Steel Com- 
pany, in addition to being the largest blooming mill 
in the world, is of special interest in several ways. 
The entire mill is of massive construction through- 
out and with the exception of a few minor parts the 
castings are all made of steel. Incorporated in the 
design are the latest improvements in blooming mill 
practice, including several exclusive features. Due 
to the large dimensions necessary for the mill, it was 
practically impossible to obtain sufficient spread of 
bed plates or a suitable arrangement of feed rollers 
in a one-piece housing, because a one-piece housing 
having these parts properly proportioned was entirely 
beyond either casting or shipping limits. Therefore, 
a built-up housing assembly made up of four post sec- 
tions and a top and a bottom separator was designed 
similar to the housing arrangement built for the 
206-in. four-high plate mill at the Lukens Steel Com- 
pany, Coatesville, Pa. These plate mill housings have 
been in operation for about nine years and have been 
entirely satisfactory. The finished weight of the 
housing assembly is about 800,000 Ibs. 


The top separator which carries the two screw boxes 
also forms the top center blocks for the four housing 
legs. The bottom separator and center blocks are 
also cast integral. The top of this casting is a slide 
for the roll changing rig. The housing legs are 
clamped to the center blocks by steam shrunk bolts 
at the top and by heavy shrink links at the bottom. 
Flange bolts are also used to assist in securing the 
legs to the center blocks, but the main reliance is 
placed upon the shrink links and bolts. The rolling 
pressure is transmitted from the center blocks to the 
legs by an interlocking tongue and groove construc- 
tion with tapered cross keys to prevent lost motion. 
The bearing areas of the tongues is large enough to 
reduce all stresses below the possibility of any de- 
formation due to rolling pressure. 


This construction, it is claimed, has the following 
advantages over solid housings: 

1—Ample spread of bed plates was obtained with- 
out encountering shipping difficulties. 

2—Feed rollers were more suitably accommodated. 

3—Casting stresses and defects were less probable 
than in solid housings. 

4—The built-up housing is heavier than any hous- 
ing it was possible to cast in one piece, thus giving 
an increased “anvil” effect which is valuable. 

The shoe plates are of very massive section, ma- 
chined flat on top. They have a depth of 6 ft. 0 in. 
Cross ties are provided underneath each end to which 
the shoes are keyed. 


The screwdown is of the spur and bevel gear type 
driven by two 150-hp. motors connected in series. An 
interesting and important feature of the screwdown 
is the method of adjusting rolls. This method con- 
sists of dropping one of the bevel gears out of mesh, 
which can be done by one man ir. a few minutes from 
the platform, thereby permitting the lining up to be 
done with the opposite screw. 


Two solid forged steel rollers on each side of the 
mill act as feed rollers; those nearest the rolls being 
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carried in a bore in the housing. The others carried 
in bearings on the face of the housing. These rollers 
are driven by a train of enclosed gears carried in a 
separate housing on the shoe plates, which, in turn, 
is driven from the last roller in the mill table. 


The rolls are balanced by a hydraulic cylinder in 
the usual way and the weight of the couplings is bal- 
anced by an auxiliary cylinder. To reduce roll 
changing time to a minimum, the housing fillings | 
were specially designed and a motor-operated roll 
changing rig provided. With this rig, both top and 
bottom rolls are moved out of the housings at one 
time, then moved sideways and a new set of rolls put 
in place to be moved into the housings. This opera- 
tion is made possible by providing the top roll car- 
riers with legs which are allowed to rest on the bot- 
tom carriers when the keys at the suspension bars 


Pinion housing—Finished weight of pinion housing and cap, 
as shown, 353,000 pounds. 


are removed and the screws run up carrying the top 
riders away from the top roll. 

The pinion stand is mounted directly on the foun- 
dation and is fully enclosed. The pinions have 
double helical cut teeth. The spindles are of the im- 
proved Geer universal type. 

The entry and front and back mill tables have 
entirely enclosed drives and gearing. Six entry rollers 
in receiving table and 22 in front and back mill tables 
(including feed rollers) are solid forged steel, the 
other rollers are hollow cast steel with forged trun- 
nions. All gears are forged and have cut teeth anid 
are arranged to dip in oil. All drive and side shait 
bearings are of the chain oiling type. 

The manipulator is entirely motor-operated, and 
is double, i. e., on both sides of the mill and has tilting 
fingers on one side guard on both entry and delive 
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tables. It is of the overhead type and has all the 
Operating mechanism on the pinion side of the mill. 


Each side guard is operated by two forged. steel 
rams, to which the side guards are attached in such 
a manner that expansion and_ contraction cannot 
cause binding of the rams in their slides. The rams 
are connected to the drive by links and levers. 


PRINCIPAL DATA 


Pitch diameter of pinions..............055 54 in. 
Paice: Of “Dinions:cbees as heer ree Shears eas 72 in. 
ltt OF 2OP PO ees weit sheet take es 4014 In, 
Teength-ot roll bodes 40.4 oe del soc ae eers 120 in. 
Approximate finished weight of each roll... 97 OOO Ibs. 
Diameter housing screws..........000e eee 16 in, 
Screwdown motors .......... 00 cece eee eee (2 each) 150 hp. 
Center to center shoe plates..............0. 15 ft. 6 In. 


19 ft. O in. 
31 ft. 144 an. 


Distance across housing feet...........0005 
Height of mill above top of shoe plate..... 
Total height of mill, including shoe plates 
AIL: SUDPOLLS: 2a 4 be 24 eb bate ba ie be cad 
SIZEOl LOU arts ete ee Sma See eb ee wwe 
Weeight Ot Wi0ts:. 4 occ b a Oo) Pe wwe 
Total finished weight of noll Roll changing 
device, pinion stand, spindles and = carries 
aire Mh tables’ 2.4.60. bp Beg oY elena Seiad s 


38 ft. O84 In, 
30 in x 45 ft. 
380.000 Tbs. 


3,853,000 Tbs. 
1,456,000 Ibs. 


ach set of tilting fingers is operated by forged 
steel levers and a crank motion, which is equalized 
to insure horizontal motion of fingers across tables. 
The only direct connection of the manipulator with 
the tables is at the slides for the rams, which are well 
below the top of rollers and are protected from scale. 


Two lubricating pumps are provided which are 
operated by the manipulator mechanism. The pumps 
automatically lubricate all the slides. Each pump 
holds one and one-half barrels of oil or grease. 


To Study Mining and Metallurgy 


Thirteen graduates of colleges and universities 
have been appointed Research Fellows to conduct an 
unusually extensive program of studies in mining and 
metallurgy at the Carnegie Institute of Technology 
during the coming year, according to an announce- 
ment. The work, as in the past, will be carried on by 
the Department of Mining and Metallurgical /Enei- 
neering, In co-operation with the Pittsburgh Station 
of the U. S. Bureau of Mines and under the direction 
o1 two advisory boards of engineers and business men 
representing the mining and metallurgical industries. 


The appointees and the institutions from which 
they were graduated are Clarence ].. Corban and G. 
R. Fitterer, Rose Polvtechnic Institute; Briant FE. 
Branting, University of Utah; R. LL. Geruso, Rens- 
selaer Polytechnic Institute; Charles H. Gilmour, 
Syracuse University; Ie. R. Perry, Hastings College; 
Miles B. Royer, Pennsylvania State College; Je. J. 
Talbert, University of New Hampshire; N.AL Tolch, 
University of Thnois; Carl EF. Traubert, University 
of Denver; Stanley P. Watkins, Birmingham South- 
ern College; Ro i. Wiley, University of Minnesota; 
Donald C. Jones, Carnegie Institute of Technology. 


Of the 13 investigators, five will study problems in 
metallurgy and eight have been assigned to carry on 
research in problems relating to coal mine engineer- 
ing. The program of metallurgical studies will be 
supervised’ Officially by an advisory board of Pitts- 
burgh District steel men and engineers. The coal 
mining investigations will be made under similar eon- 
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ditions with an advisory board of coal operators and 
mining engineers, 

Four of the studies, it is announced, will be 
financed by the Carnegie Institute of Technulogy. 
while the remainder of the work will be underwritten 
by the industries. Among the contributors are the 
American Gas Association, which is interested = di- 
rectly in a study of “warning agents for manutactured 
gas,” the National Coal Association, the New York 
edison Company, and other imdustrial enterprises. 


Senior investigators to assist the Research Fellows 
will be furnished by the Bureau of Mines. Problems 
have been selected and assigned for the year as fol- 
lows: “Constitution of Low Temperature Tar,” by 
BR. F. Branting, Fellow, and R. L. Brown, senior: 
“Coal Ash Fusibility as Related to Clinkering,” by C. 
L. Corban and E. J. Talbert, Fellows, and P. Nichol; 
and A. Selvig, Seniors; “Formation and Identification 
of Inclusion in Steel,” by G. R. Fitterer, Fellow, and 
C. H. Herty, Senior; “Solubility of Iron Oxide in Tron 
and Its effect on Physical Properties of Pure Tron.” 
by R. L. Geruso, Fellow, and C. H. Herty, Senior: 
“Flammation of Fine Sizes of Coal Dust,” by C. H. 
Gilmour, Fellow, and C. M. Bouton, Senior; ‘Electric 
Power of Storage Batteries vs. Trolley Locomotives.” 
by Donald C. Jones, Fellow, and L. C. Isley and C. 
W. Owings, Seniors; “Warning Agents for Manufac- 
tured Gas,” by F. R. Perry and I. J. Talbert, Fellows. 
and S. H. Katz. Senior; “Viscosity of Open Hearth 
Slag,” by M. B. Rover, Fellow, and C. H. Hertv. 
Semor; “Mine Timber Treatment,” by N. A. Tolch. 
Fellow, and L. DD. Tracy, Senior; “Distribution of 
Ferrous Oxide between Slag and Metal,” by S. P. 
Watkins, Fellow, and C. H. Herty, Senior: “Case Car- 
burizing of Steel,” by R. Ek. Wiley, Fellow, and C. E. 
Sims, Senior. 


Watt’s Workshop Saved 


The little, littered workshop in which James Watt. 
called the ‘Father of Steam,” carried on his experi- 
ments which resulted in the steam engine, has been re- 
built in the British Science Museum, where Watts 
lathe, forge and simple tools have been placed and 
where visitors can even see his worn leather apron 
hanging on a nail, exactly as he left it at his death, in 
1819. At the same time the home of the inventor, near 
Birmingham, was announced for sale, but the garret 
room in which he did his epoch-making work will be 
saved, as a shrine for future generations, through its 
Incorporation in the Museum. 


If Watt could visit a modern electric generating 
plant he would hold up his hands in horror, it was re- 
marked recently, to see steam used at a pressure of 351 
pounds to the square inch, producing a kilowatt-hour 
from a pound and a half of coal. When Watt built 
his steam engine, about a century before the first elec- 
tric central station was established, he believed that 
six pounds of steam was the limit for safetv. When. 
In 1/797, the first Cornish boiler was built and oper- 
ated under a 25-pound pressure, Watt denounced its 
designer, Richard Trevethick, as a “murderer.” 


Today 350-pound pressure to the square inch is the 
accepted rating of large utihty plants. A few in opera- 
tron record 700 pounds and more recently an exper: 
mental plant designed for the terrifie pressure of 3.2)¢ 
pounds was announced, more than 500 times the Inuit 
sett by Watt. 


August, 1926 


The Blast Furnace™Steel Plant 361 


Bibliography of Manganese Steel 


By VICTOR S. POLANSKY* 


the same subject. compiled by the Carnegie Lib- 
rary of Pittsburgh and published in the Blast 
Furnace and Steel Plant, December 1924, pp. 548-532. 


Te following Hist supplements a briefer one on 


Abbott, Robert R.A Comparison of the Properties 
of a Nickel, Carbon and Manganese Steel before and 
after Heat Treatment. 1915. (In Transactions of the 
American Society of Mechanical Engineers, v. 37, p. 
39-45.) 

Discussion, p. 45-46. 

Comparison of effect of heat treatment on physical properties 
ot three steels of about the same carbon content. It was found 
that manganese steel was slightly stronger than nickel steel. 


Allovs of Tron and Manganese. 1874. 
of the Franklin Institute, v. 97, p. 293-296.) 


editorial discussion of the method employed by the Terre- 
Noire [ron Company in the production of alloys of iron with 
tungsten, titanium, silicon, and manganese by the use of scrap- 
Iron and filings or turnings of cast-iron or wrought-iron or of 
stecl, and their use in rail manufacture. 


(In Journal 


American Railway Engineering Association. Manual 
of the American Railway” Engineering Association; 
Definitions, Specifications and Principles of Practice for 
Railway Engineering. 1921. 

Report of Committee Vo oon track includes specifications for 
ea of dimensions of manganese steel-pointed switches, 
J). 2.9.9. 


Arc Welding Processes for Repairs to Rails and 
Manganese Steel. 1925. (In Proceedings of the Amer- 
can [tlectric Railway Association, v. 23, p. 56-60.) 

The same. 1926. 


2. p. 33-34.) 


Part of the report of Committee on Way Matters. 


(In Welding Engineer, v. 11, no. 


Armor Plate Matter. 1898. (In Iron Age, v. 61, 
nu. 2, p. 17-18.) 
Lhe same, abstract. 1898. (Tn Journal of the Iron 


and Steel Institute, v. 53, p. 518.) 


Gives brief report of the United States Naval Committee on 
armor-plate, and also results of tests on manganese steel gun 
shields which proved to be very satisfactory. 


arnold, J. O., and Read, Al vf. Chemical and Me- 
chanical Relations of Tron, Manganese and = Carbon. 
1910. (in Journal of the Iron and Steel Institute, v. 81, 
p. 169-181.) 

Discussion, p. 182-184. 


The same, without discussion. 1910. (In ngineer- 
ing, v. 89, p. 626-628.) 
The same, without discussion, 1910. (In Iron and 


Coal Trades Review, v. 80, p. 720-722.) 

Gives results of experiments on carbides separated from an- 
nealed steels with varying manganese content and practically 
constant carbon content. Includes physical tests, and results of 
Microscopic Investigations. 

arnold, J. O., and Knowles, i K. Mechanical In- 
Huence of Carbon on Alloys of Iron and Manganese. 
1911. (In Journal of the Iron and Steel Institute, v. 84, 
p. 76-80. ) 

Discussion, p. 81-85. 


*Technology Department, Carnegie Library of Pittsburgh. 
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The same, without discusston, 1911. (In Engineer- 
ing, v. 92, p. 478-479.) 
The same, without discussion, 1911. (In Iron and 


Coal Trades Review, v. 83, p. 528-529.) 

Two series of steels with manganese varying from 1 to 20 
per cent and with carbon about 0.85 per cent in one and under 
Q.1 per cent in the other. General physical properties, static 
mechanical tests and microscopic appearance are described. 


Avey, Dan M, Selling Special Castings. 1925. (In 
Foundry, v. 53, p. 261-266.) 

lists and discusses various kinds of manganese steel cast- 
ings, their application in industry, and their successful marketing. 


Backert, 1. O., ed. AX BC of Tron and Steel, with a 
Directory of the Iron and Steel Works and Their Prod- 
ucts of the United States and Canada. Ed. 5, 1925. 
Penton. 

Considers manyanese stecl castings, p. 311. 


Barberot, A. 
1923. Bailliere. 


Considers manganese steel, p. 323-324. 


Barrett, W’. FF. Manganese Stecl. 1887. (In Jour- 
nal of the Iron and Steel Institute, v. 30, p. 455-456.) 

The same, translation. 1887. (In L’Electricien, v. 
11, p. 392-393.) ne 

Brief abstract from “Scientific Proceedings of the Royal Dub- 
lin Soctety,” v. 5, pe 360-378. Deals with the investigations of 
J. T. Bottomley on the magnetic properties of manganese steel. 


Barton, Larry J. Retining Metals Electrically. 1925. 
(In Foundry, v. 53, p. 70-72, 103-107, 150-151, 359-360. ) 

1. Tlow manganese steel was discovered. Electric 
inelting favored. | 


Fabrication de l’acier au four Martin. 


2. How manganese steel differs in its melting phe- 
nomena, Using return scrap. 

3. Manganese and silicon reactions. Flow heat treat- 
ment helps. 

4. T.imited manganese in steel gives high physical 
properties. 

The above, devoted to manganese steel, are parts of a series 
of articles extending over a period of several years. 


Becker, O. M. High-Speed Steel; the Development, 
Nature, Treatment, and Use of High-Speed Steels, To- 
gether with Some Suggestions ag to the. Problems In- 
volved in Their Use. 1910. McGraw. * °.. 

Treats briefly of the heat treatment of manganese steel and 
use in chilled roll turning, p. 39, 193. 


Benedicks, C. On the Hardness of Manganese Steel. 
1925. (In Nature, v. 115, p. 230.) 


Original in: °Veknisk Tidskrift.” 1923, p. 25. 


Bencker, Jay C. Method of Manufacturing Steel. 
(United States patent, 1,431,621.) 

Object is to provide a method whereby low-carbon, high- 
Manganese steel may be economically made without substantial 
departure trom the usual manner -of procedure followed in the 
making of steel. RS 


Bottomley, J. T. Unmagnetisable Steel. 1885. (In 
Engineering, v. 40, p. 380.) 


The same. 1885. (In Journal of the Iron and Steel 
Institute, v. 27, p. 565.) 
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Brief note on a manganese stcel manufactured under Had- 
field’s patent. 


Boudouard, O. Determination of the Points of Allo- 
tropic Changes of Iron and Its Alloys by the Measure- 
ment of the Variations in the Electric Resistance. 1903. 
(In Journal of the Iron and Steel Institute, v. 63, p. 
299-377.) 

The same, translation. 1903. (In Bulletin de la 
Société D’Encouragement pour L’Industrie Nationale, 


v. 105, p. 449-488.) 


The same, abstract translation. 1903. (In Comptes 
rendus hebdomadaires des séances de L’Academie des 
Sciences, v. 137, p. 1054-1056. ) 


Results of research conducted by the author, with numerous 
diagrams and tables, including a brief bibliography. Manganese 
steel is considered, p. 325, 349-351, 362-363. 


Brinton, Walter. 


Improvement in Cast Manganese 
Steel Rail. 


(British patent, 3900 of 1906.) 


Brinton, Walter. Process of Treating Manganese 
Steel. (British patent, 3901 of 1906.) 


Relates to a preparatory treatment of manganese steel 
articles before toughening. 


Brinton, Walter. Process of Treating Manganese 
Steel. (United States patent, 812,811.) 


Relates to an improvement in the method of toughening 
manganese steel. 


Bullens, Denison K. Steel, and Its Heat Treatment. 
Ed. 2, rev. 1918. Wiley. 


Gives composition and describes manganese steels, p. 387-396. 


Camp, J. M., and Francis, C. B. Making, Shaping 
and Treating of Steel. Ed. 4, 1925. Carnegie Steel 
Company. 

Treats of the general characteristics, composition, properties, 
and uses of manganese steel, p. 750-757. 


Campbell, Harry Huse. Manufacture and Proper- 
ties of Iron and Steel. 1907. Hill. 


Treats briefly of manganese steel, p. 353-355. 


Campbell, Wiliam, and others. Manufacture of 
Manganese Steel. (United States patent, 1,113,539.) 


Improvement in manganese steel alloys, possessing the char- 
acteristic hardness and toughness of existing forms of man- 
ganese steel but containing lower percentage of manganese. 


Capps, James I, Manganese Steel in the Clay Indus- 
try. 1924. (In Brick and Clay Record, v. 65, p. 177- 
182.) 


Discusses manganese steel, its manufacture, and its numerous 
applications in the brick and clay industry. 


Carnegie, David, and Gladwyn, S. C. Liquid Steel; 
Its Manufacture and Cost. 1913. Longmans. 
Production of steel having carbon 1.0 to 1.25 per cent, silicon 


0.2 to 0.3 per cent, manganese 10.0 to 12.0 per cent, suitable for 
castings subjected to great wear, p. 255. 


Carver, W.L. Cold Drawn Manganese Steel is Used 
in Latest Type Door Hinge. 1924. (In Automotive In- 
dustries, v. 51, p. 687-689. ) 

Simplified production methods are employed. and the appear- 


ance, strength, and durability are improved without increase in 
cost. Includes specifications for the steel used for these hinges. 


Cast-Steel Wheel with Manganese Tread and Flange. 
1916. (In Electric Railway Journal, v. 48, p. 69-71.) 


_ Describes method of manufacture, discusses advantages and 
gives service data for 83,000 wheels under 40- and 50-ton equip- 
ment. 
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Coe, H. I. Manganese and Its Effect on Iron and 
Steel. 1909. (In Proceedings of the Staffordshire Iron 
and Steel Institute, v. 25, p. 16-34.) 


Discussion, p. 34-48. 
The same, without discussion. 
Review, v. 45, p. 959-965.) 


Discusses effect of manganese on iron and steel, with special 
reference to the researches of Hadfield and Guillet upon the 
physical and magnetic properties of manganese steel. Includes 
a brief bibliography. 


1909. (In Iron Trade 


Colver-Glaucrt, E., and Hilpert, S.. Magnetic Prop- 
erties of Nickel and Manganese Steels with Reference to 
Their Metallographic Constitution. 1912. (In Transac- 
tions of the Faraday Society, v. 8, p. 134-148.) 

The same, abstract. 1912. (In Electrical Review 
and Western Electrician, v. 60, p. 1121.) 

The same, abstract. 1912. (In Electrician, v. 69, p. 
320.) | 

The same, abstract. 1912. (In Metallurgical and 
Chemical Engineering,. v. 10, p. 403.) 


Manganese steels containing 5 to 10 per cent of manganese 
were quenched and measured at room temperature. 
Colvin, Fred H., and Juthe, K. A. Working of Steel; 


Annealing, Heat Treating and Hardening of Carbon and 
Alloy Steel. 1921. McGraw. 


Brief discussion of manganese steel, p. 29-30. 


Custer, Edgar A.  Manganese-Steel Casting and 
Process of Producing the Same. (United States patent, 
1,066,258. ) 


Object is to produce castings without reheating or subse- 
quent treatment of any kind. 


Davis, James Carey. Apparatus 
(United States patent, 1,563,171.) 


Applicable to tempering of cast manganese steel wheels. 


for Tempering. 


Davis, James Carey. Method of Tempering. (United 
States patent, 1,563,170.) 


Relates to the art of tempering in general; considers also the 
tempering of heat-treated, cast manganese steel wheels. 


Davis, Z. T. Cutting Manganese Steel. 1922. (In 
Journal of the American Welding Society, v. 1, no. 10. 
p. 34-37.) | 


Dawson, J. R. Metallography and Testing of Oxv- 
acetvlene Welds. 1923. (In Transactions of the Amer- 
ican Society for Steel Treating, v. 4, p. 467-487.) 


Discusses welding of manganese steel, giving analysis and 
tests including photomicrographs, p. 480-483. 


Dejcan, P. J.e point Ar, des acters, et la martensite. 
1920. (In Comptes rendus hebdomadaires des séances 
de L.’Académie des Sciences, v. 171, p. 791-794.) 

Author has determined, for relatively slow rates of cooling. 
the position of the Ar: and Ars: critical points of manganese 


steels with manganese contents of from 0 to 14 per cent, and car- 
bon of 0.2 to 0.6 per cent in the case of Ars. 


Dejean, P. TJ.es points critiques de refroidissement 
des acters auto-trempants et la formation de la troostite 
et de la martensite. 1918. (In Revue de métallurgie. 
meémoires, v. 14, pt. 1, p. 641-675.) 


Manganese steel is considered, p. 648-657. 


Design of Manganese Frogs and Crossings. 1915. 
(In Proceedings of the American Railway Engineering 
Association, v. 16, p. 717-727.) | 


Report of Committee V, Sub-committee 4, giving standards 
fur manganese steel frogs and crossings. 
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Divon, Stephen Mitchell, Improvements in or Relat- 


ing to the Manufacture of Steel. (British patent, 4619 
vf 1912.) 

Relates to steel containing relatively large proportion of man- 
ganese, commonly known as manganese steel. 


Dixon, Stephen Mitchell. Inprovements in or Relat- 
ing to the Manufacture of Steel. (British patent, 4620 
of 1912.) 

Relates to manganese steel and has for its object the produc- 
tion of a steel capable of being worked. 


Edwards, C. A. The Physico-Chemical Properties of 
Steel. Ed. 2, thoroughly revised. 1920. Griffin. 
Manganese steel, p. 227-233. 


Etchel, K. H. Massnahmen zur Mangansparnis bet 
der Erzeugung von Flusseisen und Stahl im_ basischen 
Wind- und Herdfrischverfahren. 1922. (In Chemisches 
Zentralblatt, v. 93, ser. 6, v. 4, pt. 2, p. 258-259.) 


The same, translation. 1922. (In Journal of the 
Society of Chemical Industry, v. 41, pt. 2, p. 178A.) 


Ortyinal in “Montanistische Rundschau,” v. 13, p. 441. 


States that in this process (Thomas process), by previously 
melting ferromanganese, and then adding it to the steel in liquid 
farm, 25 to 33 per cent less is required than by adding it in the 
solid form. 


Electric Arc Welding Applied to Manganese Steel. 
1925. (In Journal of Electricity, v. 54, p. 106-107.) 

Successful repairing of frogs and crossing castings by elec- 
trically deposited metal. 


Engineering Foundation. Popular Research Narra- 
tives. v. 1. 1924. Discovery of Manganese Steel, bv 
Henry D. Hibbard, v. 1, p. 102-104. 


The same. 1923. (In Machinery, N. Y., v. 30, p. 
238. ) 

Brief discussion of the history of manganese steel, and its 
subsequent effect on the development of other useful alloy steels, 


Ewing, J. A., and Low, William. Magnetisatian of 
Iron and Other Magnetic Metals in Very Strong Fields. 
1889.) (In Philosophical Transactions of the Royal So- 
clety of London, v. 180A, p. 221-244.) 

The same, abstract. 1888. (In Nature, v. 39, p. 105.) 

The same, abstract. 1888. (In Proceedings of the 
Roval Society of London, v, 45, p. 40-42.) 


Devotes a section to manganese steel. 


Facing for Manganese Steel Castings. 1924. (In 
Foundry, v. 52, p. 702.) 


_ A query concerning the kind of sand mixtures to use for 
lacing cores tor manganese steel. 


Feuerbestandige Roste. 1893. (In Oesterreichische 
Zeitschrift fiir Berg- und Hiittenwesen, v. 41, p. 587.) 

The same, abstract translation. 1894. (In Journal 
ot the Iron and Steel Institute, v. 45, p. 567.) . 


Very brief note dealing with fire-bars made at the Storek 
Iron Foundry by mixing 40 per cent of manganese steel with a 
special kind of iron. 


Fould, Maurice. Process for the Manufacture of 
Manganese Steel. (United States patent, 1,531,513.) 


Has for its object the manufacture in a basic or neutral 
converter of hard steels containing large proportions of man- 
ganese. 


Geiger, C., ed. Handbuch der Lisen- und Stahlgies- 
serel. 2 v. 1911-1916. Springer. : 
Treats briefly of manganese steel, v. 1, p. 168, 169. 
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George, Howard H. Correct Welding Procedure 
Retains Qualities of Manganese Steel. 1924. (In Elec- 
tric Railway Journal, v. 63, p. 611-613.) 

The same. 1924. (In Engineering and Contracting, 
v. 62, p. 411-414.) 


States that correct welding depends on type of welding rod, 
technique employed, and speed of cooling. 


Giolitti, Federico. Cementation of Iron and Steel; 
tr. from the Italian by J. W. Richards and C. A. Rouiller. 
1915. McGraw. 


“Cementation of manganese steel, p. 52, 53. 


Glasebrook, Richard Tetley, ed. Dictionary of Ap- 
plied Physics. 5 v. 1922-1923. Macmillan. 


Considers the physical and thermal properties, micro-struc- 
ture and hardness of manganese steel, v. 5, p. 349-356. Includes 
a bibliography, p. 571-572. Article written by Robert A. Hadfield. 


Greene, Albert E. Process of Melting Scrap Metal. 
(United States patent, 1,018,418.) 

Process refers to melting steel scrap rich in manganese, silicon 
or other alloys. ee 

Greene, Albert E. Process of Melting Steel-Scrap. 
(United States patent, 1,185,395.) 


Relates to method of ihelting steel and alloys in electric fur- 
nace. Applicable to manganese steel scrap. 


Greene, Arthur E. Process of Making Manganese 
Steel. (United States patent, 1,060,078. ) 


Relates to process of incorporating alloying metals with other 
metals, and particularly to a process for making manganese steel 
trom ferro-manganese and molten soft steel. 


Guillet, Léon. Traitements thermiques des produits 
métallurgiques; trempe, recuit, revenu. 1909. Dunod. 

Deals with transformation point of manganese steel, p. 190- 
194, and composition, p. 535. 


Hadficld, Robert A. Alloys of Iron. 1895. (In 
Mineral Industry, v. 4, p. 421-428.) 


Discusses the composition, properties and uses of manganese 


_steeh §, 424-426, : 


* Hadfield, Robert A. An Improved Method of Tough- 
ening Manganese Steel Castings. (British patent, 11,833 
of 1896.) 

See also British patents, 5604 of 1902, and 4981 of 1903. 


Relates to an improvement which eliminates internal frac- 
tures in castings. 


Hadfield, Robert A. Describes Results of Tests in 
Manganese Steel. 1925. (In Iron Trade Review, v. 77, 
p. 1597-1598.) 


Paper read before the French Congress of Chemical Industry, 
1925, describing the effect of special heat treatment. Results show 
that “by. appropriate heat treatment, manganese steel can be made 
hard and magnetic at the sathe time. - 


Hadfield, Robcrt A. Development of Alloy Steels. 
1925. (In Procedings of the Empiré Mining and Metal- 
lurgical Congress, 1924, pt. 4, p. 107-170.) 


Considers the history, properties, treatment, and working of 
manganese steel, p. 123-124, 137-141. 


Hadfield, Robert A.  High-Manganese Steel with 
low Carbon. (United States patent, 856,250.) 
Relates to a high-manganese steel, wherein the product is 


required to have from 10 to 14 per cent and upward of man- 
ganese, with carbon less than 2 to 3 per cent. 


Hadfield, Robert A. Improvements in or Relating to 
Remelting of Manganese Steel Scrap. (British patent, 
130,436.) 

Relates to remelting of scrap in such manner as to avoid loss 


of manganese, at the same time producing steel in which iron, 
carbon and manganese are present in required proportions. 
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Hadfield, Robert A. 
the Manufacture of Manganese Steel. 
124,817.) 


Relates to manufacture of high-manganesce steel. 


Improvements in or Relating to 
(British patent, 


Hadfield, Robert A. Improvements in or Relating to 
the Manufacture of Manganese Steel. (British patent, 
125,157.) 

Relates to manganese steel possessing great toughness and 
resistance to perforation. 


Hadfield, Robert A.) Improvements in or Relating to 
the Manufacture of Manganese Steel Sheets and Helmets 
Made Therefrom. (British patent, 133,131.) 


Hadfield, Robert A. Improvements m the Manutac- 
ture and Treatment of Self Hardening Steel. British 
patent, 16,049 of 1884.) 

Object is to produce, at a greatly reduced cost, an mnproved 
self-hardening, manganese stecl, which is naturally hard, either 
in its cast or forged state. 


Hadfield, Robert A. Improvements in the Manufac- 
ture of Manganese Steel. (British patent, 25,794 of 
1903.) 

Object is to produce a high-manganese steel of low carbon 
content. Instead of ferromanganese, use is made of an electric 
furnace alloy of 70 to 90 per cent manganese and 2 or 3 per cent 
carbon. 


Hadfield, Robert A. Improvements in the Manufac- 
ture of Steel. (British patent, 200 of 1883.) 

See also British patent, 8208 of 1884. ee 

Manganese steel, the manganese varying from 7 to 20 per cent. 


Hadfield, Robert A. Tmmprovements in the Manufac- 
ture of What is Known as Manganese Steel. (British 
patent, 13,847 of 1893.) 

Devoted to the manufacture of manganese steel by which 
iron is wholly or to a great extent decarbonized and refined. or 
steel while in course of manutacture is treated with a sutficrent 
proportion of rich ferromanganese. 


Hadfield, Robert Al. Improvements in the TVoughen- 
ing of Manganese Steel. (British patent, 5604 of 1902.) 
See also British patents, 11.833 of 1896 and 4981 of 1903. 


Manyanese steel 1s heated pradually. to a temperature of from 
750° to 800° C. in order to prevent sudden expansion. The rate 
of heating depends on the thickness of the steel, 


Hadfield, Robert #1. 


iny of Manganese Steel. 


Improvements in the Poughen- 
(British patent, 4981 of 1903.) 
See also British patents, 11.833 of 1890, and 5604 of 1902. 


Hadfield, Robert Al. Improvements in the Treatment 
of Steel with lerro-Manganese. (British patent, 8268 
of 1884.) 

See also British patent, 200 of 1883, 

Further improvements in treatment of high-manganese steel. 


Hadfield, Robert A. Tron Allovs with Special Ref- 
erence to Manganese Steels. 1893. (In) Transactions 
of the American Institute of Mining [Enyineers, v. 23, 
p. 148-196.) | 

The same. 1893. 
nal, v. 56, p. 106-116.) 


The same, 1893. (In Industries and Lron. v. 13, p. 


S14-315, 358-359, 410-411, 419-420, 452-453, 482-483. ) 


The same, abstract. 1893. (In Journal of the Tron 
and Steel Institute, v. 44, p. 513-516. ) 


(In Engineering and Mining Jour- 


Discusses at considerable length the subjcet of iron alloys, 
and more particularly describes manganese steel. 
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Hadfield, Robert A, Iron and Steel Alloys. 1904. 
(In Iron and Steel Magazine, v. 7, p. 3-21.) 


Effect of various elements on iron, including a brief discus- 
sion of the properties of manganese steel, p. 6-7. 


Hadfield, Robert A. Magnetic Properties of Alloys. 
1912. (In Transactions of the Faraday Society, v. 8, p. 
94-96.) 


Considers the remarkable properties of manganese steels. 
and states that it is impossible to predict the nature of any par- 
ticular ferro-alloy unless the whole series of combinations 1s 
worked out. 


Hadfield, Robert 4... Manganese Steel. 1888. (In 
Journal of the Iron and Steel Institute, v. 33, p. 41-77.) 


Discussion, p. 78-82. 


The same, condensed, 1888 (In Engineering, v. 
46, p. 228-229, 292-294. ) 
The same, condensed. 1888. (In Iron, v. 32, p. 


175-178.) 


The same, abstract translation. 1888. (In L’Elec- 
tricien, v. 12, p. 702-704.) 
The same, abstract translation. 1889. (In Oéester- 


reichische Zeitschift fur Berg- und Huttenwesen, v. 3, 
p- 13-15.) 


Confined mainly to the results of author’s experiments, but 
includes some historical data on, manganese, ferromanganese ard 
the manufacture of ordinary steel. Contains a briet bibliography. 


Hadfield, Robert A. Manganese-Steel; with an Ab- 
stract of the Discussion upon the Papers; ed. by Jame- 


Forrest. 1888. Institution of Civil Engineers. 
Contents: Manganese in its application to metal- 
lurgy. Some newly-discovered properties of iron and 


manganese. 
The same. 1888. (In Minutes of Proceedings of th 
Institution of Civil Enginers, v. 93, p. 1-126.) 


The same, abstract. 1888. (In American Manutac- 
turer and [ron World, v. 42, no. 14, p. 21.) 


The same, abstract. 1888. (In Engineer, v. 65. p. 
223.) 

The same, abstract. 1888 (In Engineering, v. 45. 
p. 246-247.) 

The same, abstract. 1888. (In Tron Age, v. 41. 1. 
1, p. 518-519.) 

The same, abstract. 1888. (In Journal of the Se 


ciety of Chemical Industry, v. 7, p. 211-212.) 


The same, abstract. 1888. (In Railroad Gazette, v 
20, p. 204. ) 
The same, abstract. 1888. (In Scientific American 


Supplement, v. 25, p. 10219-10220. ) 


The same, abstract translation. 


und Eisen, v. 8. p. 300-303.) 


The same, abstract translation, 1888. (In Tijdsch 


1888. (In Stab 


V1» 


van het Koninklijk Instituut van Ingenieurs, 1888-18 
p. 93-94.) 

Summarizes work of former investigators and gives res> 
of his own experiments with varying percentages of mangame-¢ 
discussing the physical properties noticed in) the maternal, 4° / 
the conclusions to be drawn) therefrom. 


— Fladfield, Robert 4. Manufacture of 
steel, (United States patent, 1,310,528.) 


Relates to manutacture of steel, comprising iron, mangare~. 
carbon and silicon. 


Fladheld, Robert el. 


steel Rails or Shapes. 


Manganest 


Manufacture of Manganes- 
(United States patent, 791,18" 


(To be continued.) 
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Molybdenum as an Alloying Element’ 


Heat Treated Molybdenum Steels Possess High Elastic Limit, 
Reduction of Area and Impact Value and Great Dur- 
ability When Subjected to Abrasive Wear 
By JOHN D. CUTTER? 


while substances resembling lead were called 


T wii ancient Greek word for lead was molybdos, 
In more modern times this latter 


molybdaena. 


word was used to designate both the minerals graphite: 


and molybdenite which were thought to be the same 
because of their close physical similarity. Molydenite 
or molybdenum sulphide (MoS,) is the common form 
in which the metal occurs in nature. It was proved 


to be distinct from graphite in 1778 by Scheele while 


Hjelm 12 years later first isolated the element and 
called it molybdenum. It was classified by Men- 
deleef in the sixth group of the periodic system. 

Until very recently this metal was looked upon as 
a decidedly rare element and its use on any broad com- 
mercial scale was not thought of. In the early part 
of the 20th century the use of molybdenum was Iim- 
ited to certain chemical reagents. About 1910 the 
development of the tungsten filament incandescent 
lamp called attention to the properties of metallic 
molybdenum wire which was found to be much less 
brittle, more ductile, and easier to fabricate than the 
tungsten wire. Though it was not found suitable for 


the filament itself its use in the brackets on which the | 


filaments are wound played an important part in the 
commercializing of the tungsten lamp, which, of 
course, has entirely replaced the old carbon filament 
lamp. 


-“ During the prewar years some considerable work 


was done by steel investigators with a view to deter- 
mining the value of molybdenum as an alloying el- 
ement in steel. The advent of high speed tool steel 
led to many efforts to employ molybdenum in quan- 
tities greater than 1 per cent as a substitute for tung- 
sten. These were never wholly successful and even 
to date no steel has been successfully marketed con- 
taining more than 1 per cent molybdenum. There 
are drawbacks which accompany the higher contents 
which will not be discussed here. Suffice it to say 
that these are not present when fractional percentages 
are used. Leon Guillet in 1904 and Thomas Swinden 
in 1911 called attention to the beneficial effects of small 
additions of molybdenum on the strength and tough- 
ness of steel and thus blazed the way for the big events 
in connection with molybdenum strength steels which 
occured during the war. 

™ There were several reasons for the revolutionary 
developments of the war period which started molyb- 
denum on the way to its present prominent place in 
the alloy steel industry. 

The supply of tungsten in the allied countries was 
seriously threatened. High-speed cutting tools were 
absolutely essential to the production of munitions. 
While molybdenum, as stated above, does not make 
an entirely satisfactory high-speed steel, still it does 
impart similar cutting qualities, and in view of the 
shortage of tungsten, offered the best available sub- 


*From U-Loyv News. 
_ Vice President and Metallurgist, The Climax Molyb- 
denum Company. 
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stitute. Further it became known that the Germans 
were using molybdenum-bearing steels in certain ord- 
nance and it was a policy of the allies to purchase ma- 
terial for which they may not have had urgent need, 
simply to keep it out of the hands of the enemy. Ac- 
cordingly there was a great demand for molybdenum 
ore, chiefly stimulated by the British Government. 
This led to the diseovery that far from being a rare . 
metal, this element is very widely distributed in the 
earth’s crust. In.particular the enormous deposit 
in Colorado was unearthed which in itself is sufficient 
to afford quantities-far in excess of any demand that 
can be anticipated. 


“With this changed picture of the commercial avail- 
ability of a powerful steel toughener, a systematic re- 
search was undertaken by C. H. Wills with the assist- 
ance of H. T. Chandler. They investigated thoroughly 
the advantages of molybdenum in steels where high 
elastic properties, resistance to wear and fatigue are 
required. They also covered the same ground with 
all other available chemical elements and reached the 
conclusion that molybdenum steels offered the best 
possibilities for the future. As a result these steels 
were largely used in this country during the war in 
the manufacture of aeroplanes, tanks, etc., and since 
the war have continued to grow in favor, especially in 
the automotive industry, until today there is scarcely 
a motor car or truck to be found in which molybdenum 
steel is not incorporated. 


Occurrence and Production. 


~ Molybdenite is a soft, flaky, lustrous mineral which 

contains 59.95 per cent molybdenum. It is found in 
many countries, the principal deposits being in Nor- 
way, Austria, Canada and the United States. Tite 
usual occurrence is in mineralized veins of varying 
and uncertain width, continuity and richness of ore. 
At Climax, Colo., however, is the world’s largest de- 
posit and chief source of supply. This differs from 
all other known deposits in that the molybdenite 1s 
finely and uniformly distributed throughout a great. 
mass of rock and is practically free from all impurities. 
In magnitude, methods of extraction, etc., this 1s 
comparable to the well-known porphyry copper de- 
posits and alone is sufficient to guarantee indefinitely 
an unlimited supply of the metal at a cost which per- 
mits wide commercial use. 


The ore, which contains about 1 per cent molyb- 
denite, 1s mined, crushed, and concentrated by means 
of flotation to a product which runs about 85 per cent 
of the sulphide MoS,. The balance is siliceous matter 
persisting from the crushed rock. These concentrates 
are shipped to the conversion plant and put through 
a roasting furnace which burns off the sulphur and 
also oxidizes the molydenum, the product being taw 
molybdic oxide (MoQO,) which still contains a_ per- 
centage of silica. This is the base product from which 
all the finished forms in which molybdenum is used 
are manufactured. . 
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Pure molybdenum is a white, soft, ductile metal 
resembling platinum. It has the following charac- 
teristics: 


Specific Gravity ...........ccc eee eee 9 abet) 
Atomic? Weight: ds:si60 06 seed ee aeneaee 
Melting Point ............ 4,500 deg. IF. (about) » 
Specie, Heat-iccs. 45 ssc aus suede cesesae sews 0.72 
Specific Resistance ........... cece eee eees 5.39 
Co-efficient ‘of Expansion............ 5.1 x 10-6 
Tensile Strength.......... 260,000 Ibs. per sq. in. 
Valente cs Awsc cncedae’ re eres 4, 


It is made by dissolving the molybdic oxide in am- 
monia, thus eliminating the siliceous matter and from 
this solution crystallizing chemically pure ammonium 
molybdate. This is heated and reduced by hydrogen 
to pure molybdenum powder which is pressed and 
solidified by passing a strong electric current through 
it. The resulting ingot is rolled and drawn into the 
required sizes of sheet and wire. Its use is practically 
limited fo the brackets in incandescent lamps although 
in some radio tubes molybdenum plates are used. 


The compounds of molybdenum used in commerce 
outside the steel industry are molybdic oxide (MoQ,) 
usually called molybdic acid, and sodium molbdate 
(Na,MoO,). They are made by processes of solution 
and crystallization similar to the above. The former 
is used in chemical laboratories as a reagent. The 
latter has a limited use in the manufacture of colors. 


Adding Molybdenum to Steel. 


The form in which molybdenum is now added to 
electric and open hearth steel baths in this country is 
‘calcium molybdate (CaMoQO,). As produced for the 
steel trade it has a percentage of silica with it, for it 
is simply the oxide product of the roasting furnace 
treated with lime to form the calcium salt and still 
containing the silica component of the molybdenite 
concentrates. This silica, far from being detrimental, 
is a distinct advantage as will appear. 


When this salt comes in contact with the molten 
iron of the steel bath, a remarkable reaction takes 
place based on the fact that iron has a greater affinity 
for oxygen than molybdenum. The latter is reduced 
to the metallic state and enters the steel in absolutely 


pure form, taking nothing with it, as all other com-- 


ponents of the addition are strictly slag-forming ele- 
ments. Not only is the pure element thus available 
free from all traces of contamination, but the molyb- 


denum is in the nascent or atomic state which greatly - 


enhances its possibilities for effectively combining in 
the steel. The silica acts as an offset to the lime which 
is liberated by the reaction and thus furnishes a prac- 
tically neutral compound which can be used in either 
acid or basic furnaces with equal effectiveness. 


In this respect nature has been extremely kind ‘to 
molybdenum as it is the only one of the steel tough- 
eners capable of being introduced by the above method 
which has an even more important advantage than 
has yet been mentioned. 

Calcium molybdate contains no carbon or carbides. 
The common ferro alloys are smelted in electric. fur- 
naces at extremely high temperatures and carbon is 


August, 1926 


used as a reducing agent. This makes it possible 
that carbides are formed in the ferro alloys themselves 
which are not broken up at the lower temperature 
of the steel bath and maybe persist as undesirable 
segregations in the finished steel. 

The process of employing calcium molybdate as 
the vehicle for introducing molybdenum into steel 
instead of ferro molybdenum was invented by Aian 
Kissock and has met with such favor that today there 
is virtually no ferro molybdenum used in this country. 


Effect in Steel. 


Molybdenum forms carbides in steel which are ex- 
tremely strong and hard and exceptionally resistant 
to wear. It also dissolves in the ferrite, producing 
remarkable toughness. It has little effect on the 
ascending or A, critical point, but produces a marked 
depression of the descending or A, point. It is a 
strong retarder of grain growth and exhibits a power- 
ful tendency to retain carbides in solution on cooling. 
It apparently has a stabilizing effect on the ability 
to produce steels uniform as to “normality.” Many 
of the outstanding characteristics of molybdenum 
steels are the natural sequences of the foregoing. 


Characteristics of Molybdenum Steels. 


The physical properties of heat-treated molyb- 
denum steels which are most prominently brought 
out by comparative tests are high elastic limit and 
especially reduction of area in the tensile test, high 
impact value, and great durability when subected to 
abrasive wear. Likewise production tests prove that 
molybdenum steels “throw the scale,” making clean 
forgings, have wide ranges in heat treatment, afford- 
ing greater uniformity of product and above all show a 
degree of machineability which is truly remarkable 
and is a powerful influence in the rapid growth in the 
use of these steels. 

The four types of molybdenum steel listed in Table 
I have been adopted as standard steels by the Society 
of Automotive Engineers. 


Selection of Coals for Coke Manufacture 
(Continued from page 349) 


dry basis, are used in by-product coke ovens. Some 
of the largest plants coke such coal in an unmixed 
condition; many others use mixtures in which such 
coals are the principal components. High-volatile 
coking coal is produced from many seams and in many 
States, but the Pittsburgh seam coal from Pennsy!- 
vania and West Virginia is probably the most famous. 
because of the great extent of the seam and the large 
quantity of coking coal which is produced. 

Recent improvements in coke-oven design have 
greatly increased the coking possibilities of straight 
high-volatile coals. Fig. 10 shows loaded cars of 
blast-furnace coke produced from 100 per cent Pitts- 
burgh seam coal with 34 per cent volatile matter. 

In the broadest sense, the term high-volatile cok- 
ing coal includes both gas coals and high-oxyvgen 
coking coals. 


TABLE 1—TYPES OF MOLYBDENUM STEEL. 


S.A.E. Steel Carbon Manganese Phosphorus 
No. Range Range Max. 
4130 .25-.35 .40-.70 04 
4140 35-.45 40-.70 04 
4150 45-.55 .40-.70 04 
4615 .10-.20 .30-.50 04 
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Sulphur Chromium Nickel Molybdenum 
Max. Range Range Range 
045 50-.80 eee 15-.25 
O45 BO-V10  — seexeeas .15-.25 
045 BONTO ate pe ees 15-.25 
1.25-1.75 20-.30 
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Building Project Outlined by Westinghouse 


The present building program for the expansion 
of facilities at various plants and offices of the West- 
inghouse Electric & Mfg. Company, will involve an 
expenditure of $5,525,000, according to T. P. Gaylord, 
acting vice president of the company. 

New factory structures or office buildings are now 
in course of construction at East Pittsburgh, Pa., 
headquarters of the company and at Mansfield, Ohio, 
Detroit, St. Louis, East Springfed, Mass., Sharon, 
Pa., and Derry, Pa. 

The cost of the new general office building now 
nearing completion at the East Pittsburgh works of 
the Westinghouse Company is $1,500,000. The struct- 
ure is 11 stories high, with a floor area of 165,000 
square feet. This space is designed for the accom- 
modation of 1,800 employes. The building is sched- 
uled for completion late this summer. 

Plans for the construction of a $500,000 storehouse 
for finished products at the Mansfield works of the 
company have been approved. The building of steel- 
brick design will be four stories high and will have a 
floor area of 130,000 square feet. This is the third 
building to be erected by Westinghouse at Mansfield 
since the company moved there from Flint, Mich. 

The building under construction in Detroit repre- 
sents an expenditure of $400,000. The building is four 
stories, of concrete construction with brick exterior. 
It will have a floor area of 100,000 square feet. It has 
been designed for use as office, warehouse and service 
station. 

The George Cutter organization of the Westing- 
house interests has under construction a $300,000 
building in St. Louis, Mo. This structure will be used 
as a cement pole plant—a new Cutter industry. The 
building is one story high and will have a floor space 
of 38,000 square feet. 

Plans have been completed for additional build- 
ings at the East Springfield Works that will represent 
an outlay of approximately $475,000. The principal 
part of the program calls for a three-story office build- 
ing. The offices of the new building will provide 
executive rooms for the engineering, sales, drafting 
and mechanical departments. The cost of this build- 
ing will be $275,000. 

A four story extension to be built on the main 
tactory will be of heavy mill-type construction. This 
together with other improvements, will cost in the 
neighborhood of $200,000. 

Plans are being prepared for construction work 
that will entail a cost of $275,000 at Sharon, Pa. The 
program includes for-a five-story building for light 
manufacturing purposes. The structure will be mill 
type of brick-steel construction. A one-story build- 
ing also willbe erected for heat treating and galvan- 
saa work. 

A $75,000 office building is now under construc- 
tion in Derry, Pa. The building will be two stories in 
height. It will be of steel-brick construction. 


A.S.S.T. Announces Tentative Program 


The national meetings and papers committee of 
the American Society for Steel Treating, composed 
of Earl Smith of Central Steel Company, chairman; 
H. M. Williams, Delco-Light Company; J. IH. Nead. 
American Rolling Mills and Ray T. Bayless, editor of 
Transactions of A.S.S.T., secretary. held a meeting 
in Cleveland recently and adopted the following out- 
line of events for the convention of the A.S.S.T., and 
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the Eighth National Steel and Machine Tool Exposi- 
tion to be held in Chicago the week of September 20., 


The exposition will occupy the entire capacity of 
Municipal Pier, all of the available exhibit space of 
which has been reserved. The technical sessions will 
be held at the Drake Hotel, which is Convention head- 
quarters. | 

MONDAY, SEPTEMBER 20 
Exposition open from 12:00 M. to 10:00 P. M. 
10:00 A. M.—Technical Session, Ball Room, Drake Hotel. 
sy M.—Exposition opens, Registration begins, Municipal 
1¢er. 
2:00 P. M.—Technical Session, Ball Room, Drake Hotel. 
TUESDAY, SEPTEMBER 21 


Exposition open from 10:00 A. M. to 10:00 P. M. 

9:00 A. M.—Technical Session, Drake Hotel. 

10:00 A. M.—Ixposition opens. 

12: . a M.—Metallurgical Educational Luncheon, Drake 
ote 

1:30 P. M. —Plant inspection. 

2:00 P. M.—Technical Session, Bal] Room, Drake Hotel. 

9:30 P. M.—Grand Ball, Ball Room, Drake Hotel. 


WEDNESDAY, SEPTEMBER. 22 


Expsoition open from 10:00 A. M. to 6:00 P. M. 

9:30 A. (aoe Meeting of A.S.S.T., Ball Room, Drake 
Hote 

10:30 A. M.—E. D. Campbell Memorial Lecture, Ball Room, 
Drake Hotel. 

1:30 P. M.—Plant inspection. 

2:00 P. M.—Technical Session, Ball Room, Drake Hotel. 

6:00 P. M.—Exposition closes for the dav. 

9:30 P. M.—Smoker and Annual Frolic, Riding Academy. 


THURSDAY, SEPTEMBER 23 


Exposition open from 10:00 A. M. to 6:00 P. M. 
9:30 A. M.—Technical Session, Ball Room, Drake Hotel. 
10:00 A. M.—Exposition opens. 
2:00 P. M.—Technical Session, Ball Room, Drake Hotel. 
6:00 P. M.—Exposition closes for the day. 
6:30 P. M.—Annual Banquet, Ball Room, Drake Hotel. 


FRIDAY, SEPTEMBER 24 


Exposition open from 10:00 A.’ M. to 10:00 P. M. 
9:30 A. M.—Technical Session, Ball Room, Drake Hotel. 
10:00 A. M.—Exposition opens. 
1:30 P. M.—Plant inspection. 
2:00 P. M.—Technical Session, Drake Hotel. 
10:00 P. M.—Official close of the exposition. 


Inspects St. Louis Stack 


About 75 foundrymen from St. Louis and the sur- 
rounding region were guests on June 22 and 23 of the 
St. Louis Coke & Iron Company. On the first day 
the party inspected the company’s new blast furnace 
at Granite City, which is nearing completion, and the 
coke ovens and by-product departments. 


All the steel work of the new blast furnace has been 
completed. Construction will be finished early in 
September, and it is expected to have the furnace in 
blast some time during that month. The new output 
will have a capacity of 600 tons daily, which will 
bring the total output up to 1,100 tons. 


Otis Steel Pays Up Back Dividends 


Stockholders and directors of the Otis Steel Com- 
pany have given final approval of the refinancing plan 
of the company which provides for the payment to 
stockholders of five years’ accumulation of dividends 
on the preferred shares. The company will pay the 
bulk of the accrued dividends in a new issue of prior 
preference stock, together with $1.75 a share in cash. 
Over 75 per cent of the stockholders of the company 
in number and 85 per cent of the amount of stock 
have approved the plan. 
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Six New Lo-Hed Electric Hoists 
Six new electric monorail hoists, ranging in capa- 
cities from three to 12 tons, are announced by the 
American Engineering Company, of Philadelphia, as 
additions to its line of Lo-Hed hoists. Fach of these 
new hoists is made in types for bolt suspension, hand 


Lo-Hed Electric Hoist 


geared trolley, motor trolley and cab control. Open 
cabs are provided for indoor use and closed cabs for 
outdoor service. The hoists can also be supplied 
with push-button control or remote control. Foundry- 
type control is provided when desired. 


These hoists, which are designated as “Class J, 
Lo-Hed” electric hoists, embody the same principles 
of design that characterize the other models of Lo-Hed 
hoists, with such additional features as are made 
necessary by the higher speeds at which they operate 
and the heavier loads they are designed to handle. 
Rated capacities are 3, 5, 6, 8, 10 and 12 tons, so that 
the complete Lo-Hed line now includes hoists from 
Y%-ton to 12-ton capacity. 

In all Lo-Hed hoists the drum and motor are 
placed on opposite sides of the I-beam track, so that 
the load block can be drawn up between them until it 
almost touches the rail. This utilizes all the available 
headroom and enables these hoists to handle larger 
loads and stack goods higher than would be possible 
for any hoist requiring more headroom in which to 
operate. 

The hoist operates on standard I-beams, through 
switches and around curves. Hyatt roller bearings 
on the trolley wheels and ball thrust bearings between 
the wheels and the trolley frames, combined with the 
straight spur gear drive and the fact that wheels on 
both sides of the I-beam are driven, make the hoist 
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move easily along the rail. The trolley trucks are 
swiveled for going around curves of short radius. 

The ball-bearing hoisting motor is totally en- 
closed and drives the drum by spur gears running in 
oil. Hyatt bearings are provided on the ends of the 
shafts. The working parts are accessible for inspec- 
tion and care by simply removing the cover of the 
hoist. The compact design eliminates all need for 
long shafts. Motor and pinion can be removed as a 
unit without taking off the gear cover or draining the 
oil from the gears. A swivel hook on the load block 
makes it easy to turn the load and guide it. Safety 
features include a factor of safety of five in the design 
of the hoist; upper limit stop and a powerful, quick- 
acting brake that is automatically applied the instant 
the current is turned off, either accidentally or inten- 
ionally, and stops all movement of the load without 
drift. 


New Special “Pyro-porus” Gas Filter 


Gas filtration is unquestionably the most impor- 
tant problem in connection with flue gas analysis. 
The standard Pyro-porus filter, as illustrated in Fig. 
1, is well adapted to exclude soot and fine ash, from 
the sampling line in ordinary boiler practice. This 
filter is placed on the end of the gas sampling line 
within the boiler or flue and as the hot gases enter it 
the soot and ash deposit on the outer surfaces of the 
porous refractory discs. Such deposit, being in itself 
very porus, does not interfere with gas flow, hence 
the discs require no cleaning or replacement for years. 

For certain special applications, however, the 
standard filter is unsuitable, because of the impinge- 
ment of incandescent particles of, ash against the 
discs, which action seals the pores by causing a slag 
film to form over the surface of the discs, shutting off 
the gas flow. This is likely to happen in cement kilns 
and in certain metallurgical processes. It can also 


FIG. 1—Standard “Pyro-Porus” Filter. 


happen when burning fine coke braize on chain grate 
stokers or powdered fuel by air blast. In the latter 
cases the particles of ash may be in a molten condi- 
tion when they strike the filter, even though the filter 


August, 1926 


is located in a position in the last pass where the flue 
gas temperature is not over 400 or 500 deg. F. 

This slagging action is completely prevented and 
the filtering discs protected indefinitely against seal- 
ing up by means of metal shields which are now ap- 
plied to a new special Pyro-porus filter. Fig. 2 is a 
sectional view of the new filter, arrows indicating the 
gas flow through the porus discs D. The shields 
which protect the porous discs against direct impinge- 


FIG. 2—Sectional view of filter. 


ment of molten particles are marked E. The filtering 
discs and shields are held together by bolt B and nut 
C, tight joints being secured by asbestos gaskets G 
and F. The weight of the filter casting A is supported 
in the boiler setting by pipe J, the gas being conducted 
away at high velocity by the smaller pipe H within it. 

This filter is made by the Uehling Instrument 
Company, 473 Getty Avenue, Patterson, N. J., and the 
manufacturer guarantees it to work effectively under 
any conditions between 200 and 1400 deg. F. For 
higher temperatures, other special features are neces- 
sary. 


Stream Line Pump Valve 


A refinement in pump valves announced by the 
Wilhamsport Bullen Pump Valve Company. Its de- 
signers and makers have skillfully combined in this 
valve all of the features that are essential to maximum 
efhciency. The valve is exceedingly strong and 
sturdy, of simple construction, having but four parts. 
To assure sensitivity it is made as light as possible so 
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Stream Line Pump Valve 


that its action is practically instantaneous; therefore 
-chippage is cut almost to zero and leakage troubles 
are eliminated. 

One of the features of the valve is the elimination 
of web pieces from the inside of the valve. By remov- 
ing the webs the velocity is reduced and efficiency is 
therefore bettered considerably. 
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To eliminate the possibility of broken studs a 
Tobin bronze is used in this valve. By making the 
interior as smooth as practicable, and eliminating 
abrupt turns, fluid friction is reduced to the mini- 
mum, thus increasing the overall efficiency of the 
entire pump. 

The valve body is made of government. bronze, 
while the disc, usually made of ‘“Wigaco,” can be 
made of any material suitable for whatever the spe- 
cial pumping problem may be. 


The Howe Truck 


The Howe truck, manufactured by the Howe 
Chain Company, Muskegon, Mich., was designed for 
the rehandling of products in the course of manufac- 
ture, as well as being a help in the economizing of 
labor in various industrial situations. Obviously it 
finds its greatest usefulness as a material conveyor in 
plants, handling loose, bulk, package or heavy piece 
equipment up to 6,000 pounds in weight. 


It consists of a hardwood platform equipped with 
two malleable iron wheels permanently attached at 
the rear, and a malleable iron draw bar in front. A 
jack tongue, which contains the third wheel, when 
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Howe Industrial Truck 


held in a vertical position hooks into the draw bar 
from either the front or the side, rendering the truck 
instantly and easily movable. As it is lowered, it 
exerts a cam action on the draw bar, elevating the 
leg 1% in. off the floor, and placing the forward 
weight of the truck on the jack tongue wheel instead 
of on the leg. 


For convenience in moving empty trucks, or those 
with comparatively light loads, a permanent handle 
integral with the draw bar jacket is provided on each 
truck. For trailer purposes the jack tongue is super- 
seded by a trailer hitch, which is substantially the 
same in principle as the jack tongue. 


Some of the more popular models are built in dif- 
ferent types, viz: with flat standard hardwood plat- 
form; with wood tray body on standard platform; 
with steel tray body on standard platform; with flush 
steel covered platform; and with a steel rack body, 
this latter composed of channel iron members, se- 
curely riveted to the angle ends. 
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Malcolm Findlay McConnell, the new general 
superintendent of the Mingo and Bellaire Works of 
the Carnegie Steel Company, was born in New Castle, 
Pa., November 3, 1880, son 
of Malcolm and Francis E. 
Findlay McConnell. He was 
educated in the grade and 
high schools of New Castle, 
and in 1902 graduated as 
mechanical engineer from 
the University of Pitts- 
burgh, then the Western 
University of Pennsylvania. 

His first employment was 
also his entry into the steel 
business, going with the Na- 
tional Steel Company’s 
Sharon Works in 1900. He 
joined the Carnegie Steel 
Company’s operating staff 
as steam engineer at the 
New Castle Works, January 1, 1905; and July 1, 1909 
he was made assistant general superintendent of the 
Mingo Works where he has since been most active. 

Mr. McConnell married Miss Jean Norris of New 
Castle, April 16, 1908, and has one young son. He 1s 
a member of the Order of Elks, the “Presbyterian 
Church of Steubenville, and the Steubenville Country 
Club, while his professional associations are member- 
ships on the American Society of Mechanical Engi- 
neers; Engineers Society of Western Pennsylvania, 
and the American Iron and Steel Institute. 

* * * 


George W. Vreeland, assistant general superin- 
tendent of Mingo and Bellaire Works of the Carnegie 
Steel Company, was born September 23, 1875 at Pas- 
saic, N. J., a son of George 
and Mary Paul Vreeland. 

Hle was educated in the 
public schools of New 
York City and studied two 
years in College of the City 
of New York, and attended 
night course at Cooper 
Union, while working in 
New York City. His first 
job was with the Garvin 
Machine Company, New 
York City where he was for 
fifteen months before enter- 
ing Cornell University. He 
graduated from Cornell Uni- 
versity as mechanical engi- 
neer, specializing in elec- 
trical engineering and chemistry, and his first job 
was with the Carnegie Steel Company where he went 
immediately after his graduation in 1898. 

While with the Cambria Steel Company, he was 
draftsman for three months, and for nine months, he 
was steam and experimental engineer, and was master 
mechanic of the blast furnace department for two 
years, and during the latter period, he supervised the 
erection of two blast furnaces, engine and_ boiler 
houses, river dam, and the general rebuilding of the 
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plant. He came to the Carnegie Steel Company 
September 1, 1901 as master mechanic of the blast 
furnace at the Duquesne Works, where he assisted 
in designing and erecting blast furnaces, 5 and 6. 
He was made assistant superintendent of blast fur- 
naces at Duquesne Works in 1904, and in 1908, he 
was made superintendent of blast furnaces of the 
Mingo, Bellaire and Steubenville Works. On July 1 
he was appointed assistant general superintendent. 
ee WE oe 


Chester P. Clingerman, superintendent of blast 
furnaces of the Mingo and Bellaire Works of the 
Carnegie Steel Company, was born March 12, i884 
at Altoona, Pa., son of John 
and Rebecca Clingerman. 
Ile attended the grade and 
high schools of Altoona and 
in 1906 graduated with the 
degree of mechanical engi- 
neer from Lehigh Univer- 
sity. During his collegiate 
course he was employed by 
the H. C. Frick Coke Com- 
pany, at its Everson Shops 
which was his first job. In 
July 1906 he went with the 
Carnegie Steel Company, as 
recorder in the merchant 
mills at the Duquesne 
Works. In April 1907 he 


CHESTER P. CLINGERMAN 


’ went to the National Works 


of the National Tube Company as draftsman, and later 
became master mechanic. In November 1909 he went 
to the blast furnace department of the Duquesne 
Works of the Carnegie Steel Company, serving suc- 
cessfully as clerk, blower and turn foreman. In March 
1915 Mr. Clingerman went with the Bethlehem Steel 
Company being located at its Sparrow Point plant, 
and in July 1917 he returned to the Carnegie Steel 
Company as assitant superintendent of blast furnaces 
at the Bellaire plant, where he remained until his 
present appointment. 
a 

Floyd Rose, who has been elected vice oe 
of the Vanadium Alloys Steel Company, Latrobe, Pa. 
resigned July 1 as secretary and general manager of 
sales of the Heppenstall Forge & Knife Company. 
Pittsburgh, Pa. His business career began in 18% 
with the Carbon Steel Company, Pittsburgh, where 
he remained for 11 years, and through different pro- 
motions became assistant general superintendent. He 
left Pittsburgh in 1907, and became general superin- 
tendent of the Portsmouth Steel Company, Ports- 
mouth, Ohio. After two years he resigned, and came 
back to Pittsburgh, where he engaged in the metal- 
lurgical and inspecting engineering business as Floyd 
Rose & Company. He was in the Pittsburgh district 
ordnance office, during the World War, and was 
in charge of the production of gun forgings at the 
Heppenstall Forge & Knife Company, Carbon Stee! 
Company and the Edgewater Steel Company. At the 
end of the war, he was made secretary and general 
manager of sales of the Heppenstall Forge & Knife 
Company. The Heppenstall Company gave a farewell 
dinner to Mr. Rose, June 24. 

+ 2» -* 


Charles M. Schwab, chairman, Bethlehem Steel 
Corporation, New York, has been nominated for the 
presidency of the American Society of Mechanical En- 
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gineers for 1927, according to the announcement of 
the nominating committee which met recently in Chi- 
cago. Nominees for vice presidents were Charles L.. 
Newcomb, manager, Dean Works, Worthington 
Pump & Machinery Corporation, Holyoke, Mass.; I. 
(), Eastwood, professor of mechanical engineering, 
University of Washington, Seattle; and E. R. Fish, 
vice president, Heine Boiler Company, St. Louis. Can- 
didates for managers were Paul Doty, chairman of 
hoard, Minnesota State Board of Registration, St. 
Paul, Minn.; Ralph E. Flanders, manager, Jones & 
Lamson Machine Company, Springfield, Vt.; and 
Conrad N. Lauer, treasurer and general manager, Day 
& Zimmerman, Inc., Philadelphia. Erik Oberg, edi- 
tor of “Machinery,” New York, was the committee’s 
choice for treasurer. Election will be by mail ballot 
of the entire membership, closing September 28. 
ee ae: 


Joseph Ghandy, assistant general superintendent, 
Tata Iron & Steel Company, Jamshepur, India, who is 
in this country on a tour of American steel plants, 
was in Pittsburgh recently. F. K. Bennett, super- 
intendent of rolling mills of the company, who is on 
leave, is accompanying Mr. Ghandy on many of his 
plants visits. 

* * * 

R. H. Clarke, vice president of the Otis Steel Com- 
pany, Cleveland, was elected a director of the company 
at the directors’ meeting June 30. Ludwig Kemper, 
treasurer, also was made a director. 

x * * 

J. E. Hanson who recently joined the research 
department of the Ferro Enameling Supply Company, 
Cleveland, for the past six years had been with the 
Mellon Institute of Industrial Research at Pittsburgh. 
Ife was graduated from the University of Illinois, in 
1920. Mr. Hanson was chatrman of.a special commit- 
tee in the enamel division of the American Ceramic 
Society on furnaces for cast iron enameling. 

x ok 

Frank F. Chiles has become affiliated with the 
sales department of the McKinney Steel Company, 
Cleveland and will give special attention to the mar- 
keting of bar products. The McKinney company now 
is completing new bar capacity and will engage in 
this line of production in the near future. 

ee ee 

W. S. Jones has resigned as vice president and 
director of the Vanadium-Alloys Steel Company, Lat- 
robe, Pa., makers of high speed carbon and alloy 
too] steels. 

x * 

Arthur W. Thompson, Pittsburgh, has heen elect- 
ed president of the United Gas Improvement Com- 
pany. Philadelphia, to succeed Samuel T. Bodine who 
was elected chairman of the board. Thompson had 
been president of the Philadelphia Company and its 
attillated public utility companies. 

* * 

William T. Shepard, resident vice president of 
Rogers Brown & Crocker Bros., Inc., at Buffalo, 
N. Y., retired July 1, being succeeded by R. T. Mel- 
ville, who assumes these duties with offices at 316 
Erie County Bank Building. 

x * x 

Philip L. Coddington has joined the New England 

sales organization of the Ludlum Steel Company, 

Watervliet, N. Y. He will assist E. R. S. Reeder, 

New England manager of sales at 1004 Little Building, 
s0ston. 
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Frank F. Corby, who recently joined the sales force 
of the A. M. Byers Company, Pittsburgh, as its 
Pacific coast representative with headquarters in Los 
Angeles, formerly was vice president in charge ot 
sales of the Steel & Tube Company of America. 

x ££ * 

Col. George J. Siedler, Havenford, Pa., has been 
elected president of the Princeton Engineering Asso- 
ciation. Colonel Siedler graduated from Princeton 
University in 1900. He became sales manager of the 
Taylor-Wharton Iron & Steel Company, and later 
was vice president of Eynon-Evans Mfg. Company, 
Philadelphia. He had charge of sales promotion for 
the Vim Motor Truck Company for a time and in 
larger connections served as assistant to the president 
of the Standard Supply & I¢quipment Company as 
pres.dent of the Remington Sales Corporation and 
president of the Edwards Company, Philadelphia. 
Colonel Siedler 1s now engaged in consulting sales 
work. 

* * * 

L. I. Kuhman has been appointed vice president 
and director of the Andrews-Bradshaw Company, 
Pittsburgh, sales manager for a steam purifier and 
gas and vapor scrubber. Mr. Kuhman has been asso- 
ciated with the company for the past three and a half 
years. For eight years prior to that time he was 
sales engineer for the Ingersoll-Rand Company in the 
Pittsburgh district. He formerly attended Carnegie 
Institute of Technology, Pittsburgh. 

x ok 


C. L. Wade has been appointed sales agent, and 
5S. P. Buffini has been made assistant manager of the 
wire fence department of the Pittsburgh Steel Com- 
pany, both being located in the company’s general 
offices at Pittsburgh. | 

x * 

D. W. McGeorge has been appointed sales engi- 
neer of the Birdsboro Steel Foundry & Machine Com- 
pany, Birdsboro, Pa., manufacturer of hydraulic 
presses, rolling mill machinery, special machinery, 
steel castings and rolling mill rolls, etc. Mr. McGeorge 
was previously connected with the sales department 
of the Edgewater Steel Company, Pittsburgh, Pa. 

x ok x 


Charles J. Murray has recently resigned from staff 
of The Linde Air Products Company, to become asso- 
ciated with the Oklahoma Contracting Company. He 
Is NOW organizing a new division of that concern to 
engage exclusively in oxwelded pipe line construction. 
During his association with the Linde Company, Mr. 
Murray specialized in this class of work and has 
studied the construction problems connected with a 
large number of notable trunk line projects. 

ee 

C. W. Fisher, for two years associated with the 
McMyler Interstate Company in the sales engineering 
department at Cleveland, has just been named to head 
the Chicago branch of the firm. In his new capacity 
as Chicago manager, Mr. Fisher will have charge of 
engineering and sales on the standard products of the 
MeMyler Interstate Company for the Upper Missis- 
sippt district, which included Illinois, Wisconsin, and 
parts of Minnesota and Nebraska. 

a 

MacDonald C. Booze, senior fellow of the Multiple 
Industrial Fellowship which is sustained by the Amer- 
ican Refractories Institute at Mellon Institute of In- 
dustrial Research, University of Pittsburgh, Pitts- 
burgh, Pa., has resigned to accept a position with the 
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Charles Taylor Sons Company, Cincinnati, Oh.o, as 
vice president in charge of research and development. 
Mr. Booze, who has been very active in the refrac- 
tories industry since 1924, when he became a member 
of Mellon linstitute, has contr.buted valuably to the 
knowledge of refractories and their uses. 

x * * 


Frank Herzog was appointed chief draftsman, 
Wickwire Spencer Steel Company. Buffalo, N.Y. 
effective July 1. K. H. Marsh is chef engineer and 
James C. Hott is combustion engineer. 

a 


Stuart M. Phelps, who has been employed on the 
Refractories Fellowship since 1918, has been appointed 
director of research of the American Refractories [n- 
stitute, effective July 1, 19260. Mr. Phelps wall have 
charge of the investigational and testing activities of 
the Fellowship. 


* ak * 


B. M. Horter, formerly of the Philadelphia office of 
the Cutler-Hammer Mfg. Company, has just been ap- 
pointed manager of the company’s Boston office. Tle 
succeeds Mr. J. M. Fernald, who has res.gned to enter 
a different field of business. Mr. Horter has been with 
the Cutler-Hammer Mfg. Company, s.nce March, 
1916. At one time, Mr. Horter was manager of the 
Wilkes-Barre office of Cutler-Hammer, which has 
since been discontinued. During the war, Mr. Hlorter 
served on a submarine chaser. 

* * * 

Raymond Fink, who has been vice president of 
Pierce, Butler & Pierce, has joined the executive statt 
of The Sherman Corporation, engineers. 

* * * 

Walter F. Ingalls has been elected president of the 

Central Tube Company. 


George A. St. Clair. for many years identified 
with Lake Superior iron mining and prospecting, died 
at Duluth, June 19, aged 77 years. 


x * * 
George W. Machlet, president American Gas Itur- 


nace Company, Elizabeth, N. J.. died on June 25. 
He was born May 23, 1835, in Pforzheim, Baden, 


(;ermany. 
* * * 


Philip Zeurner, aged 72, of North Braddock, Pa. 
died suddenly in his home July 10. 
* *  * 


Cl. Lingo, for 25 years traffic manager of the 
Inland Steel Company, Chicago, and a prominent 
figure in recent years in trafic matters before the 
Interstate Commerce Comm:ssion and various middle 
western state commissions, died July 1 at the age 
of 60. 


Industrial Business Changes 
Federal Oil Burner) Manufacturing Company, 
sridgeport, Conn., manufacturer of oil burning equip- 
ment, has changed its name to Cameo Qil) Burner 
Manufacturing Company. 
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Merger of the Central Steel Company of Massil- 
lon, Ohio, and United Alloy Steel Corporation. of 
Canton, Ohio, with assets exceeding $80,000,000 under 
the name of the Central Alloy Steel Corporation, was 
announced through Otis & Company, of Cleveland, 
July 15, after directors of the two companies voted 


approval of the proposal. A) stockholders’ meeting 
was called immediately. 

Vhe merger will be effected through an exchange 
of stock that will give Central Steel common holders 
2'y shares of new stock and United Alloy common 
an even share for share exchange. 

The new board of directors has not been = an- 
nounced, but it 1s assumed the Eaton-Mather interests 
of Cleveland, who have been exercising financial spon- 
sorship, inclusive of actual control of United Alloy, 
will continue in that relationship in the new com- 
bination. | 

FF. J. Grithths becomes chairman of the board; C. 
Ie. Stuart, president and treasurer; B. F. Fairless, vice 
president and general manager; J. H. Schlendorf, vice 
president in charge of sales, and C. W. Krieg, sec- 
retary. 

All except Krieg, who is with the Alloy company. 
are officials of the present Central Steel company. 

Harroy Coulby, present Alloy chairman, stated for 
himself and associates that he was greatly pleased 
with the merger and felt that unified management 
would result in material economies directly benefiting 
shareholders. : 

Chairman Griffiths said that no radical changes 
would take place, but that efforts would be centered 
upon cementing and building up the two companies 
Into an organization unexcelled in the industry. 

x * * 


Morgan Construction Company, Worcester, Mass. 
announce that they have received orders for producer 
gas machines from the following companies which. 
with one exception, are repeat orders: Youngstown 
sheet & Tube Company 9, Weirton Steel Company 
10, Sharon Steel Hoop Company 4, American Steel & 
Wire Company 2, and Bethlehem Steel Company 3. 

x * * 


The Phoenix Tron Company of Phoenixville. Pa. 
has contracted with the Chapman-Stein Furnace Com- 
pany of Mt. Vernon, Ohio, for a continuous recupera- 
tive billet heating furnace. It is to be furnished com- 
plete with stack and end discharge type, and when 
built will be approximately 66 feet long by 23 feet 
wide. Billets 8 in. square by 18 ft. long will be heated. 
The capacity of the furnace is 40 tons per hour, 
will be used as fuel. 

x ok  * 

Molybdenum Corporation of America, Pittsburgh. 
has discontinued the position of chairman of | the 
board and has re-elected former officers. J. W. Weit- 
zenkorn was continued as president; Mary Hirsch. 
vice president; James S. Crawford, secretarv-trea> 
urer, and William B. Kuntz, assistant treasurer. 

a ee 

Frederick C. Mathews Company, Detroit; Proces: 
Metal Stamping Company, Detroit, and St. Thoma: 
Metal Signs, Ltd., St. Thomas, Ont., have been merged 
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under the title of Mathews Industries, Inc., with $1,- 
000,000 capital. Plants will be enlarged. 
x * * 

The A. M. Byers Company, Pittsburgh, announces 
the consolidation of the Cincinnati and Cleveland 
sales districts into the Central District, with George 
E. Clifford in charge, with headquarters at Cin- 
cinnatt. 


September 20-24 — American Society for Steel 
Treating. Annual Convention and National Steel and 
Machine Tool Exposition at Municipal Pier, Chicago, 
lll. W. H. Eisenman, 4600 Prospect Avenue, Cleve- 
land, Ohio, secretary. 


* * * 


Sept. 27-Oct. 1—American Foundrymen’s Asso- 
ciation. Second international foundrymen’s congress, 
Detroit. R. E. Kennedy, secretary, 909 W. California 


Street, Urbana, II. 


Push Button Master Switch—The Ohio Electric 
& Controller Company, Cleveland, Ohio, have just 
published a four-page jeaflet which describes in detail 
a push button switch for the operation of a magnetic 
contactors used in connection with lifting magnets. 

ee ee: 

Hand Cranes—Herbert Morris, Inc., Buffalo, N. 
Y., are distributing catalog No. 104, describing their 
various models of hand operated cranes. A number 
of installations are illustrated in the catalog. 

k *  * 


Coal Burning Equipment—The Combustion I:n- 
gineering Company, New York, N. Y., has just pub- 
lished a new catalog describing and illustrating their 
C-E Unit System for burning pulverized coal. 

* = * 

Steel Castings—Walworth Company, Boston, 
Mass., discusses in bulletin No. 9 standardized shrink 
head practice that they have adopted in their steel 


foundry to assure sound castings. 
x * * 


Cranes—Orton Crane & Shovel Company, Chi- 
cago, Ill., are distributing a 24-page bulletin in No. 
41 illustrating and describing their Models “T” and 
“IE” converting cranes with attachments. 

x * * 


Cranes—Foundry Equipment—New 48-page con- 
densed catalog No. 175, recently published by the 
Whiting Corporation, Harvey, Ill., describes their 
standard line of cranes, foundry equipment and rail- 
ing specialties. 

* * * 

Factory Furniture—Hughes Steel Equipment Co., 
Allegan, Mich., have issued a 32-page booklet cover- 
ing their line of steel furniture and equipment for 
office and factory. A complete line of pressed steel 
tools, chairs, tables, trucks and bench legs is described. 
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Electrical—General Electric Company, Schenec- 
tady, N. Y., has published four pamphlets describing 
various equipment for power installations. The 
pamphlets include two on squirrel cage motors, one 
on explosion chambers for oil circuit breakers and 
one on automatic starting compensators for induc- 


tion motors. 
* * * 


Insulation—Celite Products Company, New York. 
has issued a leaflet covering its insulating material 
and a special concrete produced by mixing the insu- 
lating material with ordinary concrete. Practical ap- 
plication of these materials is shown in the illus- 
trations. 

a a 

Dial Thermometers—Foxboro Company, Inc., Fox- 
boro, Mass., has issued a bulletin covering its indi- 
cating dial thermometers for long-distance reading. 
They bring the reading of distant temperatures to 
the office of the executive. 


* *K * 


Pyrometers—Bowen Instrument Company, Leeds. 
England, has published a pamphlet describing its 
radiator pyrometer for determining temperatures over 
500 deg. C. Construction, principles of operation and 
the advantages of this type of instrument are 


enumerated. 
* * * 


Magnet Controller—Ohio Electric & Controller 
Company, Cleveland, has issued a leaflet describing 
in detail its newly developed push button master 
switch for operation of magnetic contactor for litting 
magnets. Connection diagrams make clear the con- 
struction and operation of the device. 


* * * 


Electrical Control—A booklet on industry's elec- 
trical progress has been issued by the Cutler-Hammer 
Manufacturing Company, Milwaukee. Its text is the 
proposition that the advantages of electric power tu 
industry lies largely in the effectiveness with which 
it is utilized. With increase in consumption of elec- 
tricity of 3000 per cent since 1905, the booklet points 
out the progress also made in equipment, motors and 
motor control apparatus. 


* * * 


Optical Pyrometers—The Bacharach Industrial 
Company, 7000 Bennett Street, Pittsburgh, Pa., are 
distributing bulletin No. 293, describing the Holburn- 
Kurlbaum optical pyrometer. The bulletin discusse- 
the measurement of high temperatures, black body 
and non-black body radiation; the principle and 
operation of the H-K optical pyrometer and applica- 
tions and method of making determinations and 


corrections. 
* * * 


Lubricators—The Keystone Lubricating Company. 
Twenty-first and Clearfield Streets, Philadelphia, Pa. 
recently issued a 48-page booklet entitled “The RKey- 
stone Safety Lubricators; Questions Answered anc 
Typical Installations Illustrated.”. The booklet thor- 
oughly discusses the lubricator, its purpose, methad 
of operation, relation to safety, adaptability, etc. 
Various types of installation are discussed and illus- 
trated together with the accessories that have been 
designed to.reduce the time of lubrication attention 
as close as possible to zero. 
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Hyatt Roller Bearings are 
giving continuous, depend- 
able, economical service in 
every phase of steel mill 
application. 
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shut-downs and production slumps 


LAIN bearings encourage friction. 

Machines equipped with them start 
life handicapped. And end life prema- 
turely. 

Hyatt Roller Bearings, in contrast, 
reduce friction 50%. They reduce main- 
tenance and labor costs 85%. They keep 
gears in proper mesh and prolong life 
immeasurably. 

In motors, reduction gears and in 
various other steel mill applications, 


Hyatt bearings are giving long, hard 
service—without repairs or replacements. 


They work shoulder to shoulder with 
the other mechanical parts, and do not 
finch under load. They require little 
attention—even after 10 or 15 years of 
constant service. Only infrequent lub- 
rications. 


Bulletins 1825 and 705 give the inter- 
esting details. 
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